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1.1. Definición y clasificación diagnóstica de los trastornos de la conducta 
alimentaria
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1.2 Complicaciones médicas de los TCA
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1.3 Epidemiología de los TCA
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1.4. Comorbilidad psiquiátrica en TCA
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1.5 Etiología y factores de riesgo de los TCA
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Factores biológicos

Predisposición genética
Género: proporción mujer - hombre 10:1
Rasgos obsesivo – compulsivos o del espectro autista
Susceptibilidad comportamental a la desregulación del apetito
Vulnerabilidad metabólica
Influencias ambientales en el periodo perinatal

Factores psicológicos

Rasgos de personalidad (rigidez, atención a los detalles, intolerancia a lo incierto y a los errores, 
perfeccionismo
Rigidez cognitiva con alto control cognitivo de los impulsos
Elevada habilidad para retrasar la recompensa
Disminución de la expresividad facial y la capacidad para decodificar señales no verbales de otros.
Teoría de la mente reducida
Mayor sensibilidad a la clasificación social y las amenazas
Capacidad reducida para interpretar y corresponder en la interacción social
Alteración de la imagen corporal
Alexitimia

Factores psicosociales

Problemas de alimentación de los padres
Estrés entre compañeros (p. Ej., Intimidación)
Trauma (exposición)
Cultura (industrializada / occidental)
Idealización de la delgadez
Nivel socioeconómico medio a alto (alto nivel
educativo de los padres)

Factores comportamentales

Control excesivo de peso y alimentación
Comportamientos de control de peso
Preocupación excesiva por el índice de masa 
corporal
Hacer frente a la evitación o el perfeccionismo
Aislamiento social
Deterioro de la calidad de vida física y mental

Inicio de la pubertad: media
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1.6 Composición corporal en los TCA

Factores biológicos

Predisposición genética (incierta)
Género: proporción mujer-hombre: 3: 1
Vulnerabilidad metabólica
Etnia: mayor prevalencia en asiáticos
Susceptibilidad conductual a la desregulación del apetito

Inicio de la pubertad: tardía

Factores psicológicos

Adversidad infantil
Rasgos del trastorno por déficit de atención con hiperactividad (impulsividad y dificultad para prestar 
atención)
Incapacidad para retrasar la recompensa
Problemas de cognición social con evitación emocional
Alteración de la imagen corporal
Alexitimia

Factores psicosociales

Problemas de alimentación de los padres
Presión de grupo (p. Ej., Intimidación)
“Fat talk” comentarios, actitudes y críticas que 
refuerzan los ideales de delgadez como sinónimos 
de belleza) de compañeros, familia, figuras de 
autoridad
Trauma (exposición)
Cultura (industrializada / occidental)
Idealización de la delgadez

Factores comportamentales

Comportamientos de control de peso
Preocupación excesiva por el índice de masa 
corporal
Hacer frente a la evitación o el perfeccionismo
Aislamiento social
Deterioro de la calidad de vida física y mental
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1.7 Adicción a la comida y TCA
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1.8 Tratamiento en los TCA
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Peso
• IMC < 14 kg/m2 o pérdida de peso rápida en adultos
• < 75% del peso esperado o pérdida de peso rápida en 

adolescentes

Estado Médico
• Frecuencia cardiaca < 50rpm
• Arritmia
• Taquicardia postural (aumento >20 rpm)
• Presión sanguínea <80/50 mmHg
• Hipotensión postural >20 mmHg
• QTc > 450 ms
• Temperatura corporal <35,5 ºC
• Hipokalemia <3,0 mmol/L
• Neutropenia
• Hipofosfatemia <0,5 mmol/L

Indicadores adicionales
• Severidad de atracones/purgas (p. ej. Varias veces/día)
• Fallo de respuesta al tratamiento ambulatorio o en HD
• Comorbilidad psiquiátrica grave
• Riesgo de suicidio
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2.1 Hipótesis

2.2 Objetivos
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3.1 Estudio 1: Changes in Body Composition in Anorexia Nervosa: 
Predictors of Recovery and Treatment Outcome
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Abstract
The restoration of body composition (BC) parameters is considered to be one of the most

important goals in the treatment of patients with anorexia nervosa (AN). However, little is

known about differences between AN diagnostic subtypes [restricting (AN-R) and binge/

purging (AN-BP)] and weekly changes in BC during refeeding treatment. Therefore, the

main objectives of our study were twofold: 1) to assess the changes in BC throughout nutri-

tional treatment in an AN sample and 2) to analyze predictors of BC changes during treat-

ment, as well as predictors of treatment outcome. The whole sample comprised 261

participants [118 adult females with AN (70 AN-R vs. 48 AN-BP), and 143 healthy controls].

BC was measured weekly during 15 weeks of day-hospital treatment using bioelectrical

impedance analysis (BIA). Assessment measures also included the Eating Disorders

Inventory-2, as well as a number of other clinical indices. Overall, the results showed that

AN-R and AN-BP patients statistically differed in all BC measures at admission. However,

no significant time×group interaction was found for almost all BC parameters. Significant
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time×group interactions were only found for basal metabolic rate (p = .041) and body mass

index (BMI) (p = .035). Multiple regression models showed that the best predictors of pre-

post changes in BC parameters (namely fat-free mass, muscular mass, total body water

and BMI) were the baseline values of BC parameters. Stepwise predictive logistic regres-

sions showed that only BMI and age were significantly associated with outcome, but not

with the percentage of body fat. In conclusion, these data suggest that although AN patients

tended to restore all BC parameters during nutritional treatment, only AN-BP patients

obtained the same fat mass values as healthy controls. Put succinctly, the best predictors of

changes in BC were baseline BC values, which did not, however, seem to influence treat-

ment outcome.

Introduction
Body composition (BC) is considered an accurate measurement of nutritional status and health
risk [1,2]. The main components of BC are fat mass (FM), total body water (TBW) and fat-free
mass (FFM) [composed of bone and muscle mass (MM)] [3]. The Food and Agriculture Orga-
nization of the United Nations (FAO) have reported that, among the general population of
women, 20–30% of the total body weight consists of FM [4], and the TBW in healthy adult
women accounts for 45%–60% of total body weight [5].

Anorexia nervosa (AN) is a mental disorder that results in extreme body weight loss and
high levels of malnutrition due to food restriction [6]. Because of low weight levels, it is not sur-
prising that patients with AN have been found to exhibit multiple metabolic disturbances and
a significant decrease in FM and FFM [7], as well as high levels of TBW [8]. Although both
NICE and APA treatment guidelines consider the recovery of body weight and the restoration
of BC to be one of the most important goals in the treatment of patients with AN, little research
has been carried out in this area. The scarce literature on this topic shows rates of FM recovery
ranging from 21% to 78% of the total weight gain [7,9–11]. Research in this field has already
described that initial weight increases during the refeeding phase is primarily due to increased
FM, as FFM increases occur more slowly over time [7,12]. Moreover, some studies have shown
that adult female patients with AN present a disproportionate increase of trunk fat after weight
gain, resulting in central adiposity [13–15]. However, it seems that this abnormal fat distribu-
tion normalizes with time as long as weight recovery is maintained [16]. Additionally, AN
patients increase TBW levels during the initial phases of nutritional therapy and this could lead
to edema as a consequence [17]. Patients with AN may also experience higher basal metabolic
rate (BMR) during refeeding treatment and usually need to eat more calories than healthy indi-
viduals to maintain the same healthy weight [18].

When considering AN subtypes, some differences have been found between binge/purging
(AN-BP) and restrictive (AN-R) subtypes. Whereas the former presents a greater percentage of
FM, the latter has been found to require greater caloric intake to achieve weight restoration
[19]. However, 3 to 6 months after achieving healthy weight, both groups tend to normalize
their metabolism to the same level as healthy controls [18]. Despite these BC differences, just
two studies have assessed AN-R and AN-BP separately [10,20], and these studies present sev-
eral shortcomings, such as lack of a control group or information about TBW or BMR.

The present study attempts to overcome some of the limitations of previous studies by
including a larger and more homogeneous sample of both AN-R and AN-BP patients who
were objectively assessed and monitored weekly throughout treatment and for a one-year
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follow-up. Furthermore, this is the first study, to our knowledge, that longitudinally investi-
gates the role of BC parameters as predictors of treatment outcome. We expect that the find-
ings of this study could provide useful information in the development of nutritional
guidelines and treatments for patients with AN by taking these two disorder subtypes into con-
sideration. Thus, the specific aims of the study were: 1) to assess the impact of diagnostic sub-
type on the nutritional status (i.e. BC and BMR) of AN patients; 2) to describe the changes of
BC distribution and BMR in a large sample of AN patients over time compared to a sample of
healthy controls; 3) to analyze clinical and psychological predictors of change in BC during
treatment; and 4) to analyze predictors (mainly BC parameters) of treatment outcome and
dropout rates.

Materials and Methods

Participants
The final sample included 118 adult females with anorexia nervosa (70 AN-R and 48 AN-BP),
and 143 normal eating/weight controls without the history of an eating disorder (HC). Eating
disorder (ED) diagnosis was originally made according to DSM-IV-TR criteria [21] and deter-
mined by experienced psychologists and psychiatrists. These diagnoses were reanalyzed post
hoc using DSM-5 criteria [6]. The imbalance between the number of AN subtypes is due to the
fact that the sample consisted of patients who were consecutively admitted for assessment and
treatment at the Eating Disorders Unit (Department of Psychiatry, University Hospital of Bell-
vitge, Barcelona), between 2008 and 2012.

The AN-R sample had a mean age of 25.43 years (SD = 7.77) and a baseline body mass
index (BMI) of 16.71 (SD = 1.03). A majority of the patients were single (80.0%) and had com-
pleted high school (41.5%). Approximately 63.5% of the AN-R sample was employed. The
AN-BP sample had a mean age of 28.27 years (SD = 8.04) and a baseline BMI of 17.21
(SD = 1.36). 73.9% were single and slightly more than half of them had completed high school
(51.2%). 63.4% of the AN-BP sample was employed. The HC sample comprised women who
were visiting the hospital for routine blood tests and students who volunteered to take part in
the study. The mean age of the HC sample was 25.23 years (SD = 7.11) and had a mean baseline
BMI of 20.78 (SD = 1.98). Most of the HC sample was single (73.6%), had completed high
school (58.1%) and were employed (49.3%).

From our initial sample of 152 AN patients, the following groups of individuals were
excluded from the present analysis: a) patients with incomplete questionnaires (n = 23), b)
patients with endocrine disorders such as diabetes mellitus, diabetes insipidus and hypo- or
hyperthyroidism (n = 2) and c) males (n = 9) as the number of men with this diagnosis was too
small to make meaningful comparisons. The exclusion criteria for the healthy-eating control
group were: a) being male, b) being younger than 18, c) presenting a lifetime history of ED and
a BMI below 18.5 kg/m2 or higher than 25 kg/m2 (n = 17).

Assessment
- Eating Disorders Inventory-2 (EDI-2; [22]. This is a reliable and valid 91-item multidimen-
sional self-report questionnaire that assesses cognitive and behavioral characteristics in ED.
The EDI-2 retains the eight scales found in the EDI (drive for thinness, bulimia, body dissatis-
faction, ineffectiveness, perfectionism, interpersonal distrust, interoceptive awareness, and
maturity fears) and adds 27 new items to three scales: asceticism, impulse regulation, and social
insecurity. All of these scales are answered on a 6-point Likert scale, and provide standardized
subscale scores. It has been validated in a Spanish population [22] with a mean internal consis-
tency of 0.63 (coefficient alpha).
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Anthropometrics and body composition analysis
Height was measured by a stadiometer without participants wearing shoes.
- Tanita BC-420MA: Body composition was measured by bioelectrical impedance analysis

(BIA) (Tanita BC- 420MA, Tanita Corp. Tokyo, Japan). This leg-to-leg body composition ana-
lyzer is a simple, accurate, noninvasive and validated method for assessing BC [23] which pro-
vides a small alternating voltage of 90 μA (50/60Hz) via electrodes on metal foot plates. Body
weight as well as FM, FFM, MM, TBW, BMR and BMI were calculated for each patient. BC
estimates are derived from body fluids making use of proprietary equations based on resistance
index, weight, height, age and sex. The manufacturers have kept these equations confidential
and they have not been reported in the literature. BIA has been validated against dual-energy
X-ray absorptiometry (DEXA) measures and other reference methods [23]. The literature indi-
cates that utilizing BIA is not only efficacious for assessing BC parameters in ED, but also it
could be advantageous in the treatment of AN patients [24].

Procedure
All patients were evaluated and diagnosed at the ED Unit at the University Hospital of Bellvitge
by experienced psychologists and psychiatrists. Two face-to-face interviews were conducted:
the first interview provided information about current ED symptoms, antecedents and other
psychopathological data of interest, and the second interview comprised a psychometrical and
anthropometric assessment. Additional demographic information including education, occu-
pation, weight history, impulsive behaviors and other relevant clinical variables regarding the
eating disorder were obtained by a face-to-face, standardized, structured interview. The same
assessment was repeated at the end of the treatment and at a one-year follow-up.

The assessment of BC was obtained weekly, always on the same day of the week and at the
same time (between 9:00 a.m. and 9:30 a.m.), using the above-described BIA (Tanita BC-
420MA) and according to the principles previously described by Kyle et al. [3].

Treatment
Every patient with AN received the same day-hospital (DH) treatment that combined nutri-
tional, dietary and group cognitive-behavioral therapy (CBT) treatment for patients with AN.
This manualized treatment consisted of cognitive-behavioral techniques including stimulus
control therapy, exposure and response prevention, cognitive restructuring, problem solving
training, social skills, relaxation techniques and relapse prevention. Moreover, individuals
received family psychoeducation in a group setting. Patients attended the DH from 9 a.m. to 3
p.m., five days a week (Monday—Friday), for a period of 15 weeks. Food intake was monitored
twice during breakfast and lunch (the main food intake of the day).

As part of the DH treatment, weekly weight monitoring was carried out, along with an
assessment of eating behavior and cognitions using self-report measures. Patients were re-eval-
uated at the end of their treatment and categorized into four categories: “full remission”, “par-
tial remission”, “non-remission” and "dropout" (i.e. voluntary treatment discontinuation).
These categories were based on treatment outcomes according to DSM-5 criteria [6].

Nutritional treatment
The nutritional guidelines for patients in the DH are established by the Dietetics and Nutrition
Unit at the University Hospital of Bellvitge. Caloric requirement is determined according to a
basic diet of 2300 kcal/day corresponding to a balanced distribution of macro- and micronutri-
ents, 60% carbohydrate, 25–30% fat and 15% protein. All patients received a progressive diet
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split into four phases (starting at 1200 kcal/day initially, and increasing energy intake to 2300
kcal/day) to avoid refeeding syndrome.

Ethics Statement
The followed procedures were agreed upon and approved by the Ethics Committee of our insti-
tution (namely the Ethics Committee of Clinical Research at the University Hospital of Bell-
vitge) in accordance with the Helsinki Declaration of 1975 as revised in 1983. We obtained
signed informed consent from all participants (all patients were adults; no minors were
involved in this study).

Statistical analysis
Statistical analysis was carried out with SPSS20 for Windows (SPSS Inc). Analysis of variance
(ANOVA) procedures compared the mean of clinical variables between diagnostic subtypes
(AN-R, AN-BP and HC), defining post-hoc multiple contrasts through Bonferroni estimations
to measure pairwise comparisons. Pre-post differences (values taken at the start and at the end
of treatment) for BC measures were analyzed through a mixed-design ANOVA, defining time
(pre- and post-scores) as the intra-factor and group (AN-R and AN-BP) as the inter-factor.
Main effects for the time factor were estimated and interpreted in the case of significant time×-
group interactions and single effects were estimated-interpreted for non-significant time×-
group interactions.

Multiple regression models determined the main predictors of pre-post changes in BC mea-
sures in the AN sample. The ENTER procedure was defined to simultaneously include the fol-
lowing potential predictors: BC measures at baseline (i.e. the level of each BC parameter at
admission), patients’ age, duration of the ED, EDI-2 total score and AN-subtype (0 = restricting,
1 = binge/purging). The global predictive capacity of the models was measured using adjusted-
R2 coefficient.

Finally, logistic regressions assessed the main predictors of therapy outcomes, dropout and
remission. Stepwise procedures were defined to automatically select the best discriminative
variables, considering the following potential independent variables: BC measures at baseline,
patients’ age, duration of the ED, EDI-2 total score and AN-subtype (0 = restricting, 1 = binge/
purging). The global predictive capacity of the final models was measured using Nagelkerke’s-
R2 coefficient.

In cases of multiple comparisons, the Bonferroni correction method has been largely criti-
cized for being too conservative and no standard alternative procedure has been agreed upon.
From a practical-clinical perspective, effect sizes are the relevant objective of the analyses (p-
values are strongly dependent to sample sizes) and thusly, all the effect sizes for the relation-
ships analyzed in this study have been estimated to correct for the use of multiple group com-
parisons. For pairwise comparisons (in contrast with the ANOVA procedure), effect sizes were
measured through Cohen’s d coefficient [25] (|d|<0.5 was considered poor, |d|>0.5 was con-
sidered moderate and |d|>0.8 was considered large), with a 95% confidence interval (95%CI)
for mean differences (MD) and odds ratio (OR).

Results

Comparison between groups at baseline
Table 1 shows the distribution of the eating behavior and BC measures at baseline, and com-
parisons for the two diagnosis subtype conditions (AN-R and AN-BP) and HC. AN-BP
patients were found to significantly differ from HC participants in all variables, and most of
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the effect sizes of these differences were in the high range (|d|>0.80), with the sole exception of
perfectionism scale which was moderate (|d|�0.50). AN-R patients also differed from controls
in all measures, except for the EDI-2 bulimia score, and the effect sizes of mean differences
were in the moderate to high range.

Pairwise comparisons between AN-R versus AN-BP subtypes found significant differences
for some EDI-2 scales (drive for thinness, body dissatisfaction, interoceptive awareness,
bulimia, asceticism and total score), with AN-BP patients obtaining higher EDI-2 scores. Effect
sizes for mean differences were in the moderate to high range for EDI-2 drive for thinness,
bulimia and asceticism scores. All BC means were also statistically different when comparing
AN-R and AN-BP subtypes. AN-BP patients had significantly higher FM and BMI than AN-R
patients, though AN-R patients obtained higher mean values in all the remaining BC measures.

Changes in body composition during treatment
Fig 1 shows the evolution of main BC means for AN patients during therapy and at the
12-month follow-up. The incorporation of polynomial contrasts into the ANOVA procedures

Table 1. Clinical comparisons between anorexia nervosa subtypes and healthy controls.

Means ANOVA

AN-R AN-BP HC Group AN-BP vs AN-R AN-R vs HC AN-BP vs HC

N = 70 N = 48 N = 143 p MD | d | MD | d | MD | d |

Age of onset (years-old) 18.27 20.43 — .169 2.16 0.292

Duration of the ED (years) 6.56 7.87 — .372 1.31 0.190

EDI: Drive for thinness 10.95 15.63 2.50 < .001 4.69* 0.731† 8.45* 1.413† 13.13* 2.727†

EDI: Body dissatisfaction 11.56 14.98 5.10 < .001 3.41* 0.428 6.46* 0.925† 9.88* 1.364†

EDI: Interocep. awareness 8.47 10.63 1.53 < .001 2.16* 0.380 6.94* 1.441† 9.11* 2.286†

EDI: Bulimia 1.47 5.10 0.63 < .001 3.62* 1.056† 0.84 0.439 4.47* 1.359†

EDI: Interpersonal distrust 5.58 5.24 1.83 < .001 -0.34 0.076 3.75* 1.049† 3.42* 0.912†

EDI: Ineffectiveness 9.20 9.78 1.49 < .001 0.58 0.076 7.71* 1.306† 8.29* 1.531†

EDI: Maturity fears 7.62 7.59 3.57 < .001 -0.03 0.006 4.05* 0.870† 4.01* 0.926†

EDI: Perfectionism 6.22 5.76 3.60 < .001 -0.46 0.093 2.62* 0.621† 2.16* 0.529†

EDI: Impulse regulation 5.49 5.97 1.11 < .001 0.48 0.088 4.38* 0.980† 4.86* 1.223†

EDI: Asceticism 5.58 8.05 1.89 < .001 2.47* 0.573† 3.70* 1.095† 6.17* 1.852†

EDI: Social insecurity 6.65 6.85 1.86 < .001 0.19 0.041 4.80* 1.230† 4.99* 1.358†

EDI: Total score 78.80 95.38 25.11 < .001 16.58* 0.398 53.69* 1.564† 70.28* 2.303†

FM%-baseline 8.42 10.50 15.30 < .001 2.08* 0.390 -6.88* 1.367† -4.80* 0.920†

FFM (kg)-baseline 40.64 39.38 42.95 < .001 -1.26* 0.395 -2.31* 0.658† -3.57* 1.009†

MM (kg)-baseline 38.57 37.36 40.76 < .001 -1.21* 0.396 -2.20* 0.658† -3.40* 1.011†

TBW%-baseline 63.66 61.64 54.77 < .001 -2.03* 0.431 8.89* 2.050† 6.86* 1.615†

Bone-baseline 2.08 2.01 2.19 < .001 -0.06* 0.409 -0.11* 0.653† -0.18* 0.990†

BMR-baseline 1224.9 1184.1 1325.1 < .001 -40.77* 0.438 -100.2* 0.995† -141.0* 1.360†

BMI -baseline 16.71 17.21 20.78 < .001 0.50* 0.413 -4.07* 2.581† -3.57* 2.101†

MD: mean difference. d: Cohen’s-d measuring effect size for mean difference.

*Significant mean difference (pairwise comparison, contrast) (.05 level).
†Moderate (|d|�0.50) to large (|d|�0.80) effect size.

—Measure not available for the HC group.

AN-R: anorexia nervosa restricting subtype. AN-BP: anorexia nervosa binge/purging subtype. BMI: body mass index. BMR: basal metabolic rate. ED:

eating disorder. FFM: fat-free mass. FM: fat-mass. HC: healthy controls. MM: muscular mass. TBW: total body water.

doi:10.1371/journal.pone.0143012.t001
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showed a significant linear trend for all these measures, indicating an increase in FM, FFM and
MM, and a decrease in TBW. The presence of other significant trends during the process
showed that changes were not statistically constant during therapy and follow-up. As seen in
Fig 1, FM increased regularly and progressively during every week of treatment, whereas FFM

Fig 1. Evolution in body composition in AN patients during treatment. Horizontal dashed-line represents the linear trend and vertical dashed-line
indicates a significant change in the slope-trend.

doi:10.1371/journal.pone.0143012.g001
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and MM showed a sharp increase during the first 7 weeks of treatment, but stabilized at mid-
treatment.

Table 2 shows the means for the BC measures at baseline and at the end of treatment, and
the comparison of the pre-post mean changes. No significant time×group interaction was
obtained for FM, FFM, MM, TBW and bone mass, indicating that mean changes were statisti-
cally equal for both diagnostic conditions (AN-R and AN-BP). A significant mean increase was
observed for this set of variables at the end of therapy, with the exception of total body water,
which registered a significant mean decrease. As per BMR and BMI, a time×group significance
was obtained, indicating that pre-post mean changes were different for the two diagnostic con-
ditions: this pre-post mean increase was higher for binge/purging subtype compared to restrict-
ing subtype. Effect sizes for the mean changes shown in Table 2 were only in the moderate to
high range for FM, TBW, BMR and BMI.

Table 3 shows the means for BC measures at the end of treatment for the AN groups and
the means for the HC group. Pairwise comparison between AN-R and HC showed significant
differences in all BC measures (effect sizes were moderate to high for FM, TBW, BMR and
BMI), with the AN-R sample presenting lower FM, BMR, BMI and higher TBW than the HC
group. Comparing AN-BP to HC conditions, all BC means significantly differed (with the
exception of FM): AN-BP patients, at the end of the treatment, still had lower FFM, MM, bone
mass, BMR and BMI values and higher TBW than the HC sample (effect sizes for significant
mean differences were moderate to high). Post-hoc comparisons for AN-BP and AN-R only
obtained significant results for FM (higher for binge/purging subtype), total body water (higher
for restricting subtype) and BMI (higher for binge/purging patients). Effect sizes for these three
statistical differences were in the moderate range.

S1 Fig (see “Supporting Information”) shows the evolution of BC means for AN patients at
pre-treatment, post-treatment and one-year follow-up, and the comparison with the HC
group.

Table 2. Changes in body composition for AN patients.

Mean Inter. Factor: Time (difference pre-post)

AN-R (N = 70) AN-BP (N = 48) time×gr. Sign. Mean 95%CI Cohen’s

Pre Post Pre Post p p differ. Mean difference | d |

FM% 8.22 11.86 10.15 15.03 .119 < .001 4.26* 3.47; 5.04 0.689†

FFM (kg) 40.68 41.42 39.39 40.82 .081 < .001 1.09* 0.70; 1.47 0.344

MM (kg) 38.60 39.31 37.37 38.74 .076 < .001 1.04* 0.67; 1.41 0.345

TBW% 63.51 60.74 61.71 58.30 .259 < .001 -3.09* -3.65; -2.53 0.598†

Bone 2.08 2.11 2.01 2.08 .178 < .001 0.05* 0.03; 0.07 0.336

BMR 1224.5 1249.8 1182.6 1229.6 .041 < .001R 25.30*R 12.24R; 38.36R 0.273

< .001P 47.02*P 30.84P; 63.21P 0.506†

BMI 16.71 17.69 17.21 18.62 .035 < .001R 0.98*R 0.72R; 1.23R 0.806†

< .001P 1.41*P 1.10P; 1.72P 0.973†

*Significant mean difference (pairwise comparison, contrast) (.05 level).
†Moderate (|d|�0.50) to large (|d|�0.80) effect size.
RPre-post (at the start and at the end of treatment) comparison for AN- restricting.
PPre-post comparison for AN-binge/purging.

AN-R: anorexia nervosa restricting subtype. AN-BP: anorexia nervosa binge/purging subtype. BMI: body mass index. BMR: basal metabolic rate. FFM:

fat-free mass. FM: fat mass. MM: muscular mass. TBW: total body water.

doi:10.1371/journal.pone.0143012.t002
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Predictors of changes in body composition
Table 4 shows the results of multiple regression models assessing what the best predictors of
pre-post changes (from the start to the end of therapy) in BC were. These models included BC
measures at baseline, for example the model for FM change included the FM value at the
moment of admission. No significant predictors emerged for FM and BMR. For FFM, MM,
TBW and BMI, the only significant predictors of pre-post changes were these same BC mea-
sures at baseline.

Body composition as a predictor of treatment outcome and dropout rates
No statistical differences due to AN subtype were found for the risk of dropout, total, partial or
non-remission in the AN group (χ2 = 4.595, df = 3, p = .204). Most of the AN-R sample pre-
sented full (40%) or partial remission (15.7%), while 20% showed non-remission. Similarly, in
the AN-BP sample, 43.8% presented full remission, 27.1% partial remission and 8.3% non-
remission. Dropout rates were similar between AN-R (24.3%) and AN-BP patients (20.8%).

Table 5 shows the stepwise predictive logistic regressions for therapy outcome. This model
contains the best predictors (statistically significant independent variables) of dropout and
remission (full or partial+full) during therapy, while also considering the patients’ baseline
state. No BC parameter emerged as a predictor of treatment outcome. The best predictor of
dropout during therapy was age, (the younger the AN patient, the higher the risk of dropout).
BMI was the best discriminative variable of "full remission" outcome (the higher BMI at base-
line, the higher the probability of full remission). The probability of partial or full remission
was higher for patients who were older and had high BMI.

Discussion
The first main finding of the present study was that both AN-R and AN-BP patients showed
altered BC compared to healthy controls, which is consistent with the findings of other authors
[7,10,11,14]. Furthermore, AN-R and AN-BP patients showed differences in all the BC param-
eters measured. In line with a prior study [20], AN-R patients had a lower percentage of FM

Table 3. Comparisons between body composition at the end of treatment in AN patients and controls.

Mean ANOVA

AN-R AN-BP HC Group AN-R vs AN-BP AN-R vs HC AN-BP vs HC

N = 70 N = 48 N = 143 p MD | d | MD | d | MD | d |

FM% 11.86 15.03 15.30 < .001 3.18* 0.583† 3.45* 0.661† 0.27 0.052

FFM (kg) 41.42 40.82 42.95 < .001 -0.60 0.209 1.53* 0.435 2.13* 0.659†

MM (kg) 39.31 38.74 40.76 < .001 -0.56 0.206 1.46* 0.436 2.02* 0.657†

TBW% 60.74 58.30 54.77 < .001 -2.52* 0.590† -6.25* 1.434† -3.73* 0.999†

Bone 2.11 2.08 2.19 < .001 -0.04 0.257 0.07* 0.420 0.11* 0.689†

BMR 1249.8 1229.6 1325.0 < .001 -20.37 0.230 75.10* 0.731† 95.46* 0.977†

BMI 17.69 18.62 20.78 < .001 0.93* 0.643† 3.09* 1.819† 2.16* 1.224†

MD: mean difference. d: Cohen’s-d measuring effect size for mean difference.

*Significant mean difference (pairwise comparison, contrast) (.05 level).
†Moderate (|d|�0.50) to large (|d|�0.80) effect size.

AN-R: Anorexia nervosa restricting. AN-BP: Anorexia nervosa binge/purging. BMI: body mass index. BMR: basal metabolic rate. FFM: fat-free mass. FM:

fat mass. HC: healthy controls. MM: muscular mass. TBW: total body water.

doi:10.1371/journal.pone.0143012.t003
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than AN-BP, but a greater percentage of FFM, MM and TBW. This could be explained by the
high levels of physical activity found among those with AN-R [26]. Patients with compulsive
exercising have a lower frequency of binge eating, vomiting, and laxative abuse than non-exer-
cisers [27], and the fact that AN-BP patients have more prevalence of binge eating episodes
may also explain why these patients had more FM than restrictive ones.

Table 4. Predictors of pre-post changes in body composition for AN patients.

Fat mass (adjusted R2 = .051) Fat-free mass (adjusted R2 = .037)

B SE Beta p 95%CI(B) B SE Beta p 95%CI(B)
Intercept 7.706 1.973 — < .001 3.755 11.657 5.367 2.423 — .030 0.534 10.201

BC-baseline -.053 0.080 -.086 .512 -0.213 0.107 -.114 0.055 -.256 .042 -0.224 -0.004

Age (years-old) -.090 0.064 -.226 .165 -0.218 0.038 .026 0.024 .159 .281 -0.022 0.075

Duration ED (years) -.068 0.074 -.145 .361 -0.216 0.080 -.032 0.026 -.174 .220 -0.083 0.019

EDI-total score -.006 0.010 -.076 .579 -0.026 0.014 .005 0.004 .178 .161 -0.002 0.013

AN-subtype (purging) 1.20 0.930 .182 .204 -0.668 3.057 -.098 0.341 -.036 .775 -0.777 0.582

Muscular mass (adjusted R2 = .035) Total body water (adjusted R2 = .028)

B SE Beta p 95%CI(B) B SE Beta p 95%CI(B)

Intercept 5.060 2.299 — .031 0.474 9.646 -13.03 3.774 — .001 -20.56 -5.500

BC-baseline -.113 0.055 -.253 .045 -0.222 -0.003 .255 0.055 .507 < .001 0.146 0.364

Age (years-old) .025 0.023 .158 .284 -0.021 0.071 .006 0.041 .019 .884 -0.075 0.087

Duration ED (years) -.030 0.024 -.174 .221 -0.079 0.019 -.007 0.043 -.022 .865 -0.093 0.079

EDI-total score .005 0.004 .170 .180 -0.002 0.012 -.002 0.006 -.041 .720 -0.015 0.010

AN-subtype (purging) -.085 0.324 -.033 .794 -0.731 0.562 .672 0.562 .135 .236 -0.449 1.793

Basal metabolic rate (adjusted R2 = .046) Body mass index (adjusted R2 = .036)

B SE Beta p 95%CI(B) B SE Beta p 95%CI(B)

Intercept 177.6 83.37 — .037 11.2 343.9 3.840 1.467 — .011 0.920 6.760

BC-baseline -.119 0.060 -.274 .052 -0.239 0.001 -.179 0.083 -.241 .034 -0.344 -0.014

Age (years-old) .615 0.770 .125 .427 -0.921 2.151 .019 0.016 .159 .227 -0.012 0.050

Duration ED (years) -1.127 0.751 -.210 .138 -2.624 0.371 -.020 0.017 -.151 .238 -0.054 0.014

EDI-total score .065 0.113 .072 .565 -0.160 0.290 .000 0.002 .021 .857 -0.004 0.005

AN-subtype (purging) 1.16 9.948 .015 .907 -18.681 21.008 .007 0.213 .004 .976 -0.417 0.430

Multiple regression models (ENTER procedure). Bold: significant parameter. BC measures: measure of each body composition parameter at admission.

ED: eating disorder.

doi:10.1371/journal.pone.0143012.t004

Table 5. Significant predictors of treatment outcome for AN patients.

Criterion (outcome) Predictors B SE Wald(1) p OR 95%CI (OR)

Dropout Intercept 0.676 0.853 0.628 0.428 1.966 — —

(Nag-R2 = .071) Age (years-old) -0.075 0.034 4.814 .028 0.928 0.868 0.992

Full remission Intercept -9.005 3.121 8.322 .004 .000 — —

(Nag-R2 = .098) BMI at baseline 0.510 0.183 7.802 .005 1.665 1.164 2.381

Partial or Full remission Intercept -11.056 3.275 11.394 .001 .000 — —

(Nag-R2 = .171) Age (years-old) 0.064 0.028 5.437 .020 1.068 1.010 1.126

BMI at baseline 0.585 0.181 10.429 .001 1.796 1.259 2.562

Logistic regression models (STEPWISE procedure). Nag-R2: Nagelkerke’s-pseudo-R2. BMI: body mass index.

doi:10.1371/journal.pone.0143012.t005
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Also, AN-R patients showed higher BMR than AN-BP. This is in line with other authors
[19] reporting that AN-R requires higher caloric intake than AN-BP to maintain a stable
weight. Accordingly, a previous study revealed that a history of bulimic symptoms in AN
patients may lead to lower caloric requirements [28]. Thus, these data highlight the differences
in energy-metabolism efficiency between diagnostic subtypes.

Body composition changes and weight recovery in AN
Our hypothesis that BC in AN patients would be normalized after the refeeding treatment was
partially supported by the present findings. Changes in all BC parameters were observed
throughout the nutritional therapy, but only patients with AN-BP reached the same percentage
of FM as the control group after treatment, which may be an integral part of recovery. How-
ever, all the BC parameters obtained after therapy were close to published 50 percentile values
in healthy women [4]. These changes were large for FM, FFM and TBW, and were maintained
after one-year follow-up. Otherwise, all the differences between AN-BP and AN-R patients at
admission were non-existent at the end of treatment, with the exceptions of FM, BMI and
TBW. Furthermore, we observed an interaction between the magnitude of the change in BMR
and diagnostic subtype, with BMR increases in AN-BP patients being greater than in AN-R
patients. This may be due to AN-BP patients presenting lower BMR at admission than restrict-
ing patients. Contrary to a previous study [18], our results did not show that AN patients
became hypermetabolic during re-nutrition treatment. Similarly, Bossu et al [29] found that
constitutionally lean women (without AN) presented lower BMR than normal-weight women,
suggesting an adaptive role for BMR.

An intriguing finding was that FM constantly and progressively increased during every
week of treatment, while FFM and the MM showed a rapid increase during the first 7 weeks of
treatment, but stabilized at mid-treatment. These results are consistent with a prior study indi-
cating that, in patients with a very low BMI and an initial FM of 4 kg, FFM initially increases
more than FM [30]. However, our results are not consistent with other authors [7,12] indicat-
ing a greater initial increase of FM and only a progressive, minor gain of FFM during the same
period of treatment. These discrepancies might be due to differences in the malnourished state
of patients at admission, as proposed Yamashita et al. [30]. Regarding body water, our results
failed to find an increase in TBW during the first weeks of refeeding, as Krahn et al [17]
reported. In contrast, our results showed that following the second week of nutritional therapy,
TBW levels decreased progressively. Overall, the present study has the strength that it is the
first to consecutively measure the BC of a large sample of adult AN patients on a weekly basis,
unlike in other studies in which BC assessment is performed, at most, at four points during the
whole course of treatment.

Body composition as a predictor of changes in psychopathology
In terms of BC improvement (measured through pre–post differences), we found that the base-
line values of BC parameters were the best predictors of change for most of the anthropometric
parameters. In this sense, presenting lower levels of FFM, MM and BMI and higher TBW at
baseline were associated with greater positive changes in these parameters. However, contrary
to previous studies [2,31], our results did not find associations between clinical variables, such
as age or duration of the disorder, and changes in BC. These discrepancies could be due to the
fact that most differences were found comparing adolescents to adults, but in our case, all the
participants were adults with AN. Finally, our findings were not able to uncover a positive asso-
ciation between eating disorder psychopathology and changes in BC. These results are in
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agreement with those published by El Ghoch et al. [15], who suggested that changes in BC
were not associated with distress, body image or eating disorder psychopathology.

Body composition as a predictor of treatment outcome and dropout rates
Treatment outcome for AN-R patients was similar overall to AN-BP patients. In terms of pre-
dictors, our findings suggest that higher BMI as well as older age were positively associated
with better treatment outcomes. Accordingly, a low BMI at the beginning of treatment has
been identified as one of the most important risk factors for poor prognosis in AN [32]. How-
ever, contrary to our hypothesis, our findings were not able to uncover a direct association
between low FM and poor clinical outcome in AN patients [18]. One possible explanation may
be that low FM is a predictor of poor prognosis only when the patients are very severe and
present extremely low values of FM. In our sample, patients were in DH treatment and there-
fore, they were less severely affected by the disorder and less resistant to treatment than indi-
viduals receiving in-patient treatment.

The present study should be evaluated within the context of several limitations. First, we
only included adult female AN patients from Spain. Hence, we do not know whether our
results are generalizable to adolescent ED patients, males or individuals from other ethnic
backgrounds. Second, the BC analyzer we used does not enable the measurement of regional
BC and thus does not allow us to assess whether our sample presented central adiposity after
refeeding treatment. Finally, the present study failed to consider hormones strongly related to
metabolism (mainly leptin) and FM. Since a positive correlation between leptin levels and FM
has been well-documented [33], and an association between a lower presence of leptin in AN
patients with disease duration has been found [34], finding hormonal changes, such as an
increase in leptin being associated with FM recovery, could be expected. It would be of interest
to study these associations in order to elucidate the specific role of these hormones in the tim-
ing of body composition restoration. Therefore, future studies should aim to collect this infor-
mation and to replicate this study while assessing hormones and using a segmental BC
analyzer to assess adiposity distribution.

In spite of these limitations, the current study also features several strengths. This study has
addressed, for the first time, the BC of both AN-R and AN-BP patients using weekly monitor-
ing and a one-year follow-up. The second strength is the availability of a large sample of
healthy controls for comparison. Furthermore, this is the first study assessing BC predictors of
outcome, and analyzing predictors of change in BC compartments during refeeding treatment,
which, to our knowledge, has not been attempted before.

The findings from the present study may help to shape appropriate nutritional guidelines
and treatment programs for patients with AN. As the review by Saladino [24] suggests, the
assessment of BC changes during the treatment of AN patients might allow for the develop-
ment of individualized nutritional diets for each patient. Even though our results showed dif-
ferences between AN-R and AN-BP in BC distribution at admission, it seems that both AN-R
and AN-BP patients would benefit equally from the same nutritional treatment. Given the high
mortality rate found in AN [35], it is imperative to study BC to develop nutritional guidelines
and cost-effective methods of treatment.

Conclusions
In conclusion, our findings confirm the progressive improvement in all BC parameters in adult
AN patients during DH nutritional treatment. Both AN-R and AN-BP patients showed differ-
ences in BC distribution at admission, but these differences do not appear to influence BC
recovery, with the exception of BMR. It is also noteworthy that the best predictors of BC
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changes were baseline BC values. Curiously, no BC parameter was found to be a predictor of
outcome, only higher baseline BMI and older age were associated with better treatment out-
comes and lower risk of dropout.

Supporting Information
S1 Fig. Body composition in AN compared with healthy controls.
(TIF)

Acknowledgments
We thank Trevor Steward for assistance with revising the English, and for his comments that
greatly improved the manuscript.

Author Contributions
Conceived and designed the experiments: ZA XR JA RMB CB RT JCF-G JMF-R GF JG-A FJT
ABC FFC JMM FF-A. Performed the experiments: ZA XR IS NR NC SJ-M JG-G MM-GB.
Analyzed the data: RG ST. Wrote the paper: ZA XR JA. Revised, completed and improved the
first draft of the manuscript: JA RMB CB RT JCF-G JMF-R GF JG-A FJT ABC FFC JMM FF-
A. Provided extensive feedback on the written manuscript: JA RMB CB RT JCF-G JMF-R GF
JG-A FJT ABC FFC JMM FF-A. Most of the co-authors are members of a research network
within the Spanish Ministry of Health (CIBERobn), and the study was designed as a joint proj-
ect: ZA RMB CB RT JCF-G JMF-R GF JG-A FJT ABC FFC JMM FF-A.

References
1. Gómez-Ambrosi J, Silva C, Galofré JC, Escalada J, Santos S, Millán D, et al. Body mass index classifi-

cation misses subjects with increased cardiometabolic risk factors related to elevated adiposity. Int J
Obes (Lond). 2012; 36: 286–94. doi: 10.1038/ijo.2011.100

2. De Alvaro MTG, Muñoz-Calvo MT, Barrios V, Martínez G, Martos-Moreno GA, Hawkins F, et al.
Regional fat distribution in adolescents with anorexia nervosa: effect of duration of malnutrition and
weight recovery. Eur J Endocrinol. 2007; 157: 473–9. doi: 10.1530/EJE-07-0459 PMID: 17893262

3. Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P, Elia M, Gómez JM, et al. Bioelectrical impedance
analysis—part I: review of principles and methods. Clin Nutr. 2004; 23: 1226–43. PMID: 15380917

4. Kyle UG, Genton L, Slosman DO, Pichard C. Fat-free and fat mass percentiles in 5225 healthy subjects
aged 15 to 98 years. Nutrition. 2001; 17: 534–41. Available: http://www.ncbi.nlm.nih.gov/pubmed/
11448570. PMID: 11448570

5. Martinoli R, Mohamed EI, Maiolo C, Cianci R, Denoth F, Salvadori S, et al. Total body water estimation
using bioelectrical impedance: a meta-analysis of the data available in the literature. Acta Diabetol.
2003; 40 Suppl 1: S203–6. doi: 10.1007/s00592-003-0066-2 PMID: 14618473

6. APA. Diagnostic and statistical manual of mental disorders: DSM-5. Washington, DC: American Psy-
chiatric Association; 2013.

7. Polito A, Cuzzolaro M, Raguzzini A, Censi L, Ferro-Luzzi A. Body composition changes in anorexia ner-
vosa. Eur J Clin Nutr. 1998; 52: 655–62. Available: http://www.ncbi.nlm.nih.gov/pubmed/9756122.
PMID: 9756122

8. Dempsey DT, Crosby LO, Lusk E, Oberlander JL, Pertschuk MJ, Mullen JL. Total body water and total
body potassium in anorexia nervosa. Am J Clin Nutr. 1984; 40: 260–9. Available: http://www.ncbi.nlm.
nih.gov/pubmed/6465060. PMID: 6465060

9. Orphanidou CI, McCargar LJ, Birmingham CL, Belzberg AS. Changes in body composition and fat dis-
tribution after short-term weight gain in patients with anorexia nervosa. Am J Clin Nutr. 1997; 65: 1034–
41. Available: http://www.ncbi.nlm.nih.gov/pubmed/9094890. PMID: 9094890

10. Probst M, Goris M, VandereyckenW, Van Coppenolle H. Body composition of anorexia nervosa
patients assessed by underwater weighing and skinfold-thickness measurements before and after
weight gain. Am J Clin Nutr. 2001; 73: 190–7. Available: http://www.ncbi.nlm.nih.gov/pubmed/
11157313. PMID: 11157313

Body Composition in AN

PLOSONE | DOI:10.1371/journal.pone.0143012 November 23, 2015 13 / 15

Do
cu

m
en

t s
ig

na
t d

ig
ita

lm
en

t p
er

: X
AN

DR
A 

RO
M

ER
O

 C
AS

AS



11. Scalfi L, Polito A, Bianchi L, Marra M, Caldara A, Nicolai E, et al. Body composition changes in patients
with anorexia nervosa after complete weight recovery. Eur J Clin Nutr. 2002; 56: 15–20. doi: 10.1038/
sj.ejcn.1601290 PMID: 11840175

12. Mika C, Herpertz-Dahlmann B, Heer M, Holtkamp K. Improvement of nutritional status as assessed by
multifrequency BIA during 15 weeks of refeeding in adolescent girls with anorexia nervosa. J Nutr.
2004; 134: 3026–30. Available: http://www.ncbi.nlm.nih.gov/pubmed/15514270. PMID: 15514270

13. Mayer L, Walsh BT, Pierson RN, Heymsfield SB, Gallagher D, Wang J, et al. Body fat redistribution
after weight gain in women with anorexia nervosa. Am J Clin Nutr. 2005; 81: 1286–91. Available: http://
www.ncbi.nlm.nih.gov/pubmed/15941877. PMID: 15941877

14. Iketani T, Kiriike N, Nagata T, Yamagami S. Altered body fat distribution after recovery of weight in
patients with anorexia nervosa. Int J Eat Disord. 1999; 26: 275–82. Available: http://www.ncbi.nlm.nih.
gov/pubmed/10441242. PMID: 10441242

15. El Ghoch M, Milanese C, Calugi S, Pellegrini M, Battistini NC, Dalle Grave R. Body composition, eating
disorder psychopathology, and psychological distress in anorexia nervosa: a longitudinal study. Am J
Clin Nutr. 2014; 99: 771–8. doi: 10.3945/ajcn.113.078816 PMID: 24500157

16. El Ghoch M, Calugi S, Lamburghini S, Dalle Grave R. Anorexia nervosa and body fat distribution: a sys-
tematic review. Nutrients. 2014; 6: 3895–912. doi: 10.3390/nu6093895 PMID: 25251296

17. Krahn DD, Rock C, Dechert RE, Nairn KK, Hasse SA. Changes in resting energy expenditure and body
composition in anorexia nervosa patients during refeeding. J Am Diet Assoc. 1993; 93: 434–8. Avail-
able: http://www.ncbi.nlm.nih.gov/pubmed/8454812. PMID: 8454812

18. Marzola E, Nasser JA, Hashim SA, Shih P-AB, KayeWH. Nutritional rehabilitation in anorexia nervosa:
review of the literature and implications for treatment. BMC Psychiatry. 2013; 13: 290. doi: 10.1186/
1471-244X-13-290 PMID: 24200367

19. KayeWH, Gwirtsman HE, Obarzanek E, George T, Jimerson DC, Ebert MH. Caloric intake necessary
for weight maintenance in anorexia nervosa: nonbulimics require greater caloric intake than bulimics.
Am J Clin Nutr. 1986; 44: 435–43. Available: http://www.ncbi.nlm.nih.gov/pubmed/3766430. PMID:
3766430

20. Probst M, Goris M, VandereyckenW, Van Coppenolle H. Body composition in female anorexia nervosa
patients. Br J Nutr. 1996; 76: 639–47. PMID: 8957999

21. APA. Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Text Revision. 4th ed. Wash-
ington, DC: American Psychiatric Association; 2000.

22. Garner DM. Inventario de Trastornos de la Conducta Alimentaria (EDI-2)-Manual. Madrid: TEA; 1998.

23. Browning LM, Dixon AK, AitkenW, Prentice AM, Jebb A. Measuring Abdominal Adipose Tissue : Com-
parison of Simpler Methods with MRI. Obes Facts. 2011; 4: 9–15. doi: 10.1159/000324546 PMID:
21372606

24. Saladino CF. The efficacy of Bioelectrical Impedance Analysis (BIA) in monitoring body composition
changes during treatment of restrictive eating disorder patients. J Eat Disord. 2014; 2: 34. doi: 10.1186/
s40337-014-0034-y PMID: 25485109

25. Cohen J. Statistical power analysis for the behavioral sciences. ( 2nd ed.). Hillsdale, NJ: Lawrence
Earlbaum Associates.; 1988.

26. Dalle Grave R, Calugi S, Marchesini G. Compulsive exercise to control shape or weight in eating disor-
ders: prevalence, associated features, and treatment outcome. Compr Psychiatry. 2008; 49: 346–52.
doi: 10.1016/j.comppsych.2007.12.007 PMID: 18555054

27. Brewerton TD, Stellefson EJ, Hibbs N, Hodges EL, Cochrane CE. Comparison of eating disorder
patients with and without compulsive exercising. Int J Eat Disord. 1995; 17: 413–6. Available: http://
www.ncbi.nlm.nih.gov/pubmed/7620482. PMID: 7620482

28. Salisbury JJ, Levine AS, Crow SJ, Mitchell JE. Refeeding, metabolic rate, and weight gain in anorexia
nervosa: a review. Int J Eat Disord. 1995; 17: 337–45. Available: http://www.ncbi.nlm.nih.gov/pubmed/
7620473. PMID: 7620473

29. Bossu C, Galusca B, Normand S, Germain N, Collet P, Frere D, et al. Energy expenditure adjusted for
body composition differentiates constitutional thinness from both normal subjects and anorexia ner-
vosa. Am J Physiol Endocrinol Metab. 2007; 292: E132–7. PMID: 16912058

30. Yamashita S, Kawai K, Yamanaka T, Inoo T, Yokoyama H, Morita C, et al. BMI, body composition, and
the energy requirement for body weight gain in patients with anorexia nervosa. Int J Eat Disord. 2010;
43: 365–71. doi: 10.1002/eat.20700 PMID: 19459214

31. Misra M, Soyka LA, Miller KK, Grinspoon S, Levitsky LL, Klibanski A. Regional body composition in
adolescents with anorexia nervosa and changes with weight recovery. Am J Clin Nutr. 2003; 77: 1361–
7. Available: http://www.ncbi.nlm.nih.gov/pubmed/12791610. PMID: 12791610

Body Composition in AN

PLOSONE | DOI:10.1371/journal.pone.0143012 November 23, 2015 14 / 15

Do
cu

m
en

t s
ig

na
t d

ig
ita

lm
en

t p
er

: X
AN

DR
A 

RO
M

ER
O

 C
AS

AS



32. Löwe B, Zipfel S, Buchholz C, Dupont Y, Reas DL, HerzogW. Long-term outcome of anorexia nervosa
in a prospective 21-year follow-up study. Psychol Med. 2001; 31: 881–90. Available: http://www.ncbi.
nlm.nih.gov/pubmed/11459385. PMID: 11459385

33. Bruni V, Dei M, Morelli C, Schettino MT, Balzi D, Nuvolone D. Body Composition Variables and Leptin
Levels in Functional Hypothalamic Amenorrhea and Amenorrhea Related to Eating Disorders. J Pediatr
Adolesc Gynecol. Elsevier Inc.; 2011; 24: 347–352. doi: 10.1016/j.jpag.2011.06.004

34. Terra X, Auguet T, Agüera Z, Quesada IM, Orellana-Gavaldà JM, Aguilar C, et al. Adipocytokine levels
in women with anorexia nervosa. Relationship with weight restoration and disease duration. Int J Eat
Disord. 2013; 46: 855–61. doi: 10.1002/eat.22166 PMID: 23881663

35. Arcelus J, Mitchell AJ, Wales J, Nielsen S. Mortality rates in patients with anorexia nervosa and other
eating disorders. A meta-analysis of 36 studies. Arch Gen Psychiatry. 2011; 68: 724–31. doi: 10.1001/
archgenpsychiatry.2011.74 PMID: 21727255

Body Composition in AN

PLOSONE | DOI:10.1371/journal.pone.0143012 November 23, 2015 15 / 15

Do
cu

m
en

t s
ig

na
t d

ig
ita

lm
en

t p
er

: X
AN

DR
A 

RO
M

ER
O

 C
AS

AS



3.2 Estudio 2: Short-Term Treatment Outcomes and Dropout Risk in Men 
and Women with Eating Disorders.
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Abstract

This study compared treatment outcomes between men and women with eating disorders (EDs) and analysed clinical predictors of
treatment outcome. Our sample consisted of 131 male and 131 female ED patients who underwent cognitive behavioural therapy
treatment. ED severity, personality and psychopathology were assessed using standard instruments. We found that the risk of
dropout was higher for men with bulimia nervosa (BN) than for women with BN and that men with BN and other specified feeding
and EDs were more likely to obtain full remission in comparison with their female counterparts. Predictive models of treatment
outcome indicated that higher scores in novelty seeking were a shared factor associated with higher risk of dropout and not
obtaining full remission for both men and women with ED. However, only in men, younger age and lower scores in reward
dependence predicted higher dropout. Contrastingly, higher persistence scores were predictors of full remission. This study
reinforces the effectiveness of using outpatient cognitive behavioural therapy as treatment as usual for men with ED. Nonetheless,
placing greater emphasis on strategies targeting gender-specific issues could enhance outcomes. Copyright © 2017 John Wiley &
Sons, Ltd and Eating Disorders Association.
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Introduction

Clinical and epidemiological studies on eating disorders (EDs)
have highlighted the lower prevalence of men with these disorders
in comparison with women (approximately one man for every
nine women with EDs; Fernández-Aranda & Jiménez-Murcia,
2014; Ulfvebrand, Birgegård, Norring, Högdahl, & von
Hausswolff-Juhlin, 2015). However, these data could be
underestimated because EDs are often considered as a ‘female
phenomenon’, and this stigma might lead to men with ED being
underdiagnosed and to seeking treatment with less frequency
(Griffiths et al., 2015; Strother, Lemberg, Stanford, & Turberville,

2012). This could explain why this topic has received relatively
little attention from researchers and why the few studies focusing
on ED in men and treatment outcome have had such small
sample sizes (Fernández-Aranda & Jiménez-Murcia, 2014;
Thapliyal & Hay, 2014).

Although men and women with ED share similar clinical
characteristics, some gender particularities have been described.
Regarding personality traits, several studies have revealed lower
levels of harm avoidance, reward dependence, cooperativeness
and higher scores in novelty seeking in men with ED than women
with the same disorder (Fernández-Aranda et al., 2004;
Núñez-Navarro et al., 2012; Woodside et al., 2004). Men with
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ED also show less concern about weight and body concerns
(Núñez-Navarro et al., 2012; Shingleton, Thompson-Brenner,
Thompson, Pratt, & Franko, 2015; Shu et al., 2015), as well as
greater general psychopathology (Weltzin et al., 2005). However,
these characteristics may be reflective of sociocultural gender
differences, as these differential patterns are similar to those
described between men and women in healthy, non-ED
populations (Fernández-Aranda & Jiménez-Murcia, 2014;
Núñez-Navarro et al., 2012). Despite this, some specific features
of men with ED have been observed. Within these, it should be
noted that men with ED more frequently identify as being gay,
use distinct compensatory behaviours (e.g. men present higher
frequency of vomiting episodes but less laxative abuse than
women), are more likely to have a history of premorbid
overweight or obesity, later age of ED onset, carry out more
physical activity and have a higher mortality risk than ED women
(Fernández-Aranda et al., 2004; Gueguen et al., 2012; Mitchison
& Mond, 2015; Núñez-Navarro et al., 2012).

In addition, if there is a paucity of literature focusing on the
clinical features of ED men, studies comparing treatment
outcome between men and women with ED are even scarcer
(Linardon, de la Piedad Garcia, & Brennan, 2017; Nazar et
al., 2017). To date, treatment approaches are often based on
therapies developed for women with ED, and male-specific
treatment guidelines are not available. The few published
studies on treatment in men with ED have focused mainly on
anorexia nervosa (AN) patients undergoing residential or
inpatient treatment (Weltzin, Bean, Klosterman, Lee, &
Welk-Richards, 2015), and relatively, little attention has been
paid to men with other ED diagnoses, such as bulimia nervosa
(BN), binge eating disorder (BED) or EDs not otherwise
specified, undergoing outpatient group treatment (Fernández-
Aranda & Jiménez-Murcia, 2014). The few studies assessing
treatment outcome in men with AN reported better outcomes
for men than for women (Bean et al., 2008; Strober et al.,
2006). Studies focusing on treatment outcome in men with
BN or EDs not otherwise specified reveal contradictory findings.
Although some studies found similar outcomes for men and
women with BN, as well as a similar risk of dropout
(Fernández-Aranda et al., 2009b; Weltzin et al., 2015), Støving,
Andries, Brixen, Bilenberg and Hørder (2011) identified better
outcomes for men than for women. However, all these studies
were limited in sample size (samples of 5, 8 or 19 men with
BN, respectively).

Taking into account all the aforementioned gaps in the
literature, mainly contradictory findings and studies where
men represented a negligible portion of the sample, it is not
possible to generalize results or define a clear hypothesis about
treatment outcome in men with ED. Therefore, the aims of
the present study were twofold: (1) to compare treatment
outcome (remission and risk of dropout) in a large sample
of men and women with EDs, in which different ED
diagnoses, defined according to the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5) criteria
(APA, 2013), were represented and (2) to assess specific and
differential predictors of treatment outcome in men and
women with ED. The results of this study may contribute to
advancements in the knowledge on whether men with ED

equally benefit from treatment as usual [cognitive behavioural
therapy (CBT)] as women.

Material and methods

Participants

Our sample comprised every male patient, over 18 years of age,
who was consecutively admitted for treatment at the Eating
Disorders Unit at Bellvitge University Hospital between 1998
and 2015. From a total sample of 157 men who were diagnosed
with an ED, 26 were excluded from the study because they refused
treatment (final sample n=131 men with ED). This group of men
with ED was compared with 131 female ED patients, matched for
age and DSM-5 diagnosis. Patients were matched using SPSS

software (SPSS Inc., Chicago, IL, USA). Each case from the male
ED group was paired to a randomly selected female ED patient
from a larger pool of female ED cases from our Unit. No statistical
differences were found comparing selected and unselected women
for this study sample in sociodemographic variables, baseline state
or treatment outcome.

All patients admitted before May of 2013 were originally
diagnosed using the DSM-IV-TR (APA, 2000). Diagnoses were
made by means of a semistructured clinical interview
(Fernández-Aranda & Turón, 1998), based on the validated
Structured Clinical Interview for DSM-IV Axis I Disorders
(SCID-I) (First, Spitzer, Gibbon, & Williams, 2002), and
conducted by experienced clinical psychologists and psychiatrists.
Diagnoses were reanalyzed post hoc using DSM-5 criteria (APA,
2013). According to DSM-5 criteria, the final sample was
composed of 56 restrictive anorexia nervosa patients, 22 binge-
purging AN patients, 80 BN, 28 BED and 76 other specified
feeding and eating disorders (OSFED) patients. Each group was
equally made up of men and women. Patients were excluded from
the analysis if they presented medical or nutritional complications
and/or severe comorbid psychopathology (i.e. suicide attempts)
requiring hospitalized inpatient treatment. Nonresponder
patients (mainly severe AN patients who did not regain weight
during the treatment) were hospitalized. These patients were only
included in the study after their inpatient treatment and only if
they continued treatment at the day hospital.

In accordance with the Declaration of Helsinki, the present
study was approved by the Ethics Committee of our institution
(The Clinical Research Ethics Committee of Bellvitge University
Hospital), and all the participants provided signed informed
consent.

Measures

Eating Disorder Inventory-2 (Garner, 1991)

This is a reliable and valid 91-item multidimensional self-
report questionnaire that assesses different cognitive and
behavioural characteristics of EDs: drive for thinness, body
dissatisfaction, bulimia, ineffectiveness, perfectionism,
interpersonal distrust, interoceptive awareness, maturity fears,
asceticism, impulse regulation and social insecurity. This
instrument was validated in a Spanish population (Garner,
1998). Internal consistency was excellent in our sample (α= .95).
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Symptom Checklist-90 Items-Revised (Derogatis, 1994)

This is a 90-item questionnaire widely used for assessing self-
reported psychological distress and psychopathology. The test is
scored on nine primary symptom dimensions: somatization,
obsessive–compulsive, interpersonal sensitivity, depression,
anxiety, hostility, phobic anxiety, paranoid ideation and
psychoticism; and three global indices: Global Severity Index,
Positive Symptom Total and Positive Symptom Distress Index.
This instrument was validated in a Spanish population (Derogatis,
2002). Internal consistency was excellent in our sample (α= .98).

Temperament and Character Inventory-Revised (Cloninger, 1999)

The Temperament and Character Inventory-Revised is a
240-item questionnaire with a 5-point Likert scale format. This
questionnaire is a reliable and valid measure of four
temperaments (harm avoidance, novelty seeking, reward
dependence and persistence) and three character dimensions
(self-directedness, cooperativeness and self-transcendence) of
personality. This questionnaire has been validated in a Spanish
adult population (Gutiérrez-Zotes et al., 2004). Cronbach’s alpha
for the current sample was good (α= .79 for ‘novelty seeking’) to
excellent (α= .89 for ‘harm avoidance’, ‘persistence’ and ‘self-
directedness’; Table S1).

Motivational scale

Motivational state was assessed through a visual analogue scale,
including five different questions that evaluated the subjective
severity of the disorder, perceived need for treatment, evaluated
social impairment of daily tasks, evaluated the level of worry the
patient had over their disorder (self-concern) and evaluated the
extent of which the patient thought their relatives were worried
(family concern). The scales ranged from 0 to 8, with 8 being
the maximum score indicating worry and motivation for change.
This scale has previously been described and applied in ED
patients (Casanovas et al., 2007).

Treatment

Every patient with AN (both men and women) received the same
day hospital treatment that covered nutritional dietary patterns
and psychological–psychiatric aspects, based on a CBT
programme previously described elsewhere (Fernández-Aranda
& Turón, 1998), with demonstrated effectiveness (Agüera et al.,
2015). Patients attended the day hospital from 9 a.m. to 3 p.m.,
five days a week (Monday–Friday), for a period of 15 weeks. Food
intake was monitored twice during breakfast and lunch (the main
food intake of the day).

Treatment for the other ED diagnoses, such as BN, OSFED and
BED, consisted of 16 weekly manualized outpatient group therapy
sessions lasting 90 minutes each (Fernández-Aranda & Turón,
1998) and based on Fairburn, Marcus and Wilson’s (1993) model.
This programme and accompanying material have already been
manualized and published in Spanish (Fernández-Aranda &
Turón, 1998) with demonstrated effectiveness (Agüera et al.,
2013). Men and women were also treated in different groups.
Following the guidelines of previous studies, men were treated
in a setting of ‘male-only’ group therapy (Fernández-Aranda
et al., 2009b; Weltzin et al., 2012), where several male-specific

topics were emphasized [e.g. stigmatization, sexual orientation
and concern about sex drive (libido) decrease due to a lowering
of testosterone levels], as described elsewhere (Fernández-Aranda
& Jiménez-Murcia, 2014; Fernández-Aranda et al., 2009b).

Patients were re-evaluated at discharge and categorized into
three categories: ‘full remission’, ‘partial remission’ and
‘nonremission’. Voluntary treatment discontinuation was
categorized as ‘dropout’ (i.e. not attending treatment for three
consecutive sessions was considered dropout). These categories
were based on the consensus judgement of the senior clinical staff
who considered all aspects of the patient’s treatment outcome,
such as normalization of nutritional dietary patterns, frequency
of binge episodes and compensatory behaviours (such as self-
induced vomiting or laxative and diuretics misuse), weight
restoration, improvement in attitudes regarding weight and
shape, and ED cognitions. To assess clinical significance of
response to treatment, the therapists had access to objective
primary measures, such as weight recovery and the number of
binging or purging episodes per week, based on entries from a
food diary. Following the guidelines of treatment outcome
according to DSM-5 criteria (APA, 2013), the working definition
of a ‘full remission’ outcome was a total absence of symptoms
meeting diagnostic criteria for at least four consecutive weeks,
‘partial remission’ was defined as substantial symptomatic
improvement but the continued presence of residual symptoms
for at least four consecutive weeks and the patients who presented
poor outcomes were defined as ‘nonremission’. These categories
were previously used to assess treatment outcome in other
published studies (Agüera et al., 2013, 2015; Custal et al., 2014;
Sauchelli et al., 2016; Steward et al., 2016).

As a complementary therapy outcome, the Reliable Change
Index (RCI) defined by Jacobson and Truax (1991) was used. This
definition is obtained for each participant by dividing the
pretherapy and post-therapy change by the standard error of the
difference between the two scores or measures. This measure
constitutes a dimensional score into the theoretical range of �∞
to +∞. On the basis that RCI values larger than 1.96 would be
unlikely to occur (p< .05) without real therapy changes, it is
usual to obtain a binary classification of low RCI (RCI < 1.96,
interpreted as lack of improvement after the therapy) versus high
RCI (RCI ≥ 1.96, interpreted as improvement after treatment). In
this study, the RCI scores were generated for three measures: body
mass index (BMI), the frequency of binges and the frequency of
vomits. To consider improvement after treatment based on the
RCI, the ED subtype was considered: (1) for AN, therapy
improvement was considered for participants who achieved
RCI≥ 1.96 in BMI; (2) for BN, therapy improvement was
considered for RCI≥ 1.96 in both, the frequency of vomits and
binges; (3) for BED, therapy improvement was considered for
RCI≥ 1.96 in the frequency of binges; and (4) for OSFED, therapy
improvement was considered for RCI≥ 1.96 in any of the three
indexes (BMI, binges or vomits).

Statistical analysis

Statistical analysis was carried out with SPSS 20 (SPSS Inc.) for
Windows. Comparison between men and women at baseline for
categorical variables was carried out with chi-squared (χ2) tests
procedure and with t tests for quantitative variables. Multinomial
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logistic regressions compared CBT outcome between men and
women, including the Eating Disorder Inventory-2 (EDI-2) total
score as covariate. Given that men and women with EDs showed
significant differences in ED severity (EDI-2 total score; Table 1),
the statistical analyses were adjusted for this variable in order to
guarantee that the results were not best explained for the
differences in ED severity. Separate models were obtained for
ED diagnoses (AN, BN, BED and OSFED).

Survival analysis stratified by diagnosis modelled the time until
the dropout during the therapy. In this analysis, the Kaplan–
Meier (KM) estimated the cumulate S(t) probability that a patient
survives without dropping out longer than a time t. Comparison
of survival functions between men and women was carried out
through Cox regression adjusted for the covariate EDI-2 total
score.

Stepwise logistic regression in two-step blocks generated
predictive models for the primary therapy outcomes dropout
and full remission, separately for women and men. Models were
not adjusted for diagnosis because of the low frequency for the
outcomes considered in this study. In the first step, diagnosis
was entered and set. The second step automatically selected
through stepwise procedure the best significant predictors,
defining the patients’ chronological age, onset of the ED, BMI,
ED severity (EDI-2 total score), global psychopathological state
(Symptom Checklist-90 Items-Revised global indexes) and
personality (Temperament and Character Inventory-Revised
scores) in the list of potential predictors. The goodness of fit for
the final selected models was assessed by the Hosmer–Lemeshow
test (p> .05 was considered adequate fit), the global predictive
capacity with the Nagelkerke’s pseudo-R2 coefficient and the
global discriminative capacity with the area under the Receiver
Operating Characteristic (ROC) curve.

Results

Descriptive for the sample at baseline

Table 1 includes a description of the sample at baseline (before the
beginning of treatment), with sociodemographic and ED-related
variables. No statistical differences between men and women were
found, except for in the frequency of laxative use (higher mean for
women, 2.18 weekly vs 0.61; p= .011) and in overall ED severity
(higher means on the EDI-2 total score for women, 97.6 vs 74.8;
p< .001).

Table S1 includes the frequency distribution of the
psychometric scales, internal consistency (Cronbach’s alpha
coefficients) in the own sample, and a comparison by gender.
Regarding motivational state, our results just showed statistical
differences in social impairment of daily tasks and in self-concern,
with women with ED presenting higher scores on these two
dimensions [5.17 (SD= 2.28) vs 4.34 (SD=2.76); p= .011 and
6.46 (SD= 1.84) vs 5.87 (SD= 2.23); p= .026, respectively].

Comparison of treatment outcomes between men
and women

Of the patients who completed therapy, the percentage of subjects
who obtain full remission was 56.25%. A total of 31.77% reached
partial remission and 11.98% nonremission. Table 2 includes the
distribution of therapy outcomes for the total sample (including
the participants who dropped out, as an intent-to-treat analysis)
stratified by gender and ED diagnosis [Table S2 contains the
distribution stratified by sex, ED diagnosis and therapy type
(day hospital versus outpatient therapy) as well as the distribution
for therapy outcome classification based on the RCI criterion]. A
first multinomial regression model indicated that the interaction

Table 1 Sample description at baseline

Women; n=131 Men; n=131

Categorical variables n (%) n (%) χ2 p

Civil status

Single 102 77.9 98 74.8% 1.41 .493

Married - partner 25 19.1% 25 19.1%

Divorced - separated 4 3.1% 8 6.1%

Education level

Primary 46 35.1% 58 44.3% 2.626 .269

Secondary 64 48.9% 52 39.7%

University 21 16.0% 21 16.0%

Employment status

Unemployed 45 34.4% 37 28.2% 1.14 .286

Employed 86 65.6% 94 71.8%

Quantitative variables Mean SD Mean SD t p

Age (years-old) 27.21 9.11 26.72 9.18 0.43 .670

Age of onset (years-old) 20.25 7.60 20.64 8.98 0.35 .725

Disorder duration (years) 6.73 6.38 6.27 6.04 0.43 .669

Body mass index (kg/m2) 22.07 6.88 23.49 7.99 1.50 .135

Frequency vomits (per week) 4.17 7.22 4.28 8.43 0.12 .908

Frequency binges (per week) 3.38 5.58 3.07 5.99 0.43 .669

Frequency laxatives (per week) 2.18 6.35 0.61 2.44 2.55 .011
EDI-2: total score 97.55 33.30 74.83 39.99 4.77 <.001

Note. SD: standard deviation. Bold: significant comparison (.05).
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between sex-by-CBT type was statistically nonsignificant
(likelihood ratio chi-squared LR-χ2 = 1.67, p= .664), allowing
the estimation of main effects considering simultaneously the
day hospital and outpatient subsamples. However, because the
interaction sex-by-ED diagnosis was significant (LR-χ2= 29.1,
p= .001), the comparison between men and women was obtained
separately for each ED group (AN, BN, BED and OSFED). After
adjusting for ED severity (EDI-2 total score), we found statistical
differences between men and women for the patients diagnosed
with BN (LR-χ2= 36.2, p< .001, with the risk of dropout and full
remission higher for men compared with women) and OSFED
(LR-χ2= 169.5, p= .008, with the risk of dropout higher for
women and the risk of full remission higher for men).

Results were quite similar considering the RCI therapy
outcome criterion (Table S3): differences between men and
women also emerged for BN and OSFED subsamples.

Figure 1 includes the KM plot for the survival time to the
dropout during the therapy. The x-axis represents the time (in
weeks) when treatment began to the end of the intervention.
The y-axis corresponds to the proportion of patients’ surviving

without dropping out. At time zero, 100% of the patients are alive
without an event (i.e. no dropout was registered). A solid line
displays the events, that is, a register of each dropout. After
adjusting for ED severity (EDI-2 total score), we found no
statistical differences between men and women in the cumulate
survival functions within the AN, BED and OSFED subsamples.
Statistical differences were found for BN subsample, in the sense
that rate to dropout was higher for men compared with women
(specifically, the KM plots indicate that for men and women, all
the dropouts occurred during the first 8 weeks, the first half of
the treatment programme, but dropouts for women occurred at
a lower rate than men).

Predictive models for primary treatment
outcomes: dropout and full remission

Table S4 contains the distribution of the potential predictors of
the main therapy outcomes considered in the study, separately
for men and women: dropout, full remission, low RCI and high
RCI. Table S5 contains the distribution of preclinical to

Table 2 Comparison of treatment outcome between men and women with eating disorders

Anorexia nervosa Bulimia nervosa Binge eating disorder OSFED

Women Men Women Men Women Men Women Men

n % n % n % n % n % n % n % n %

Dropout 5 12.8% 8 20.5% 3 7.5% 16 40.0% 3 21.4% 3 21.4% 20 52.6% 12 31.6%

Non remission (NR) 3 7.7% 5 12.8% 8 20.0% 0 0.0% 0 0.0% 0 0.0% 6 15.8% 1 2.6%

Partial remission (PR) 4 10.3% 9 23.1% 21 52.5% 5 12.5% 4 28.6% 3 21.4% 7 18.4% 8 21.1%

Full remission (FR) 27 69.2% 17 43.6% 8 20.0% 19 47.5% 7 50.0% 8 57.1% 5 13.2% 17 44.7%

LR-χ2 (df=3); p 4.49 .213 36.19 <.001 0.40 .821 169.5 .008
Parameter estimations B SE Wald p B SE Wald p B SE Wald p B SE Wald p

Dropout versus NR 0.38 1.03 0.14 .710 --- --- --- --- --- --- --- --- 1.18 1.15 1.05 .306

Dropout versus PR 0.47 0.96 0.24 .624 3.47 0.89 15.23 <.001 0.31 1.41 0.05 .828 -0.55 0.69 0.64 .423

Dropout versus FR 1.37 0.74 3.41 .065 0.22 0.84 0.07 .792 -0.40 1.18 0.12 .734 -1.73 0.64 7.25 .007
NR versus PR -0.08 1.11 0.01 .939 --- --- --- --- --- --- --- --- 1.73 1.24 1.96 .162

NR vs FR -0.98 0.92 1.15 .283 --- --- --- --- --- --- --- --- 2.91 1.20 5.83 .016
PR vs FR -0.90 0.82 1.19 .276 3.25 0.85 14.57 <.001 0.71 1.18 0.36 .550 1.18 0.79 2.24 .135

Note. Results obtained in multinomial regression adjusted for ED severity (EDI-2 total score). OSFED: other specified feeding or eating disorder. LR(χ2): likelihood ratio chi-

square test; df: degrees of freedom. Bold: significant comparison (.05).

Figure 1. Cumulate survival functions of the rate of dropout. Note: Comparison by sex obtained in Cox regression; adjusted for Eating Disorder Inventory-2 total

score. [Colour figure can be viewed at wileyonlinelibrary.com]
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postclinical changes in the BMI, the frequency of binges and the
frequency of vomits.

Table 3 includes the final binary predictive models of the
primary treatment outcomes: dropout and full remission,
obtained via stepwise logistic regression procedures (Table S3
includes the means and standard deviations of the potential
predictors of these primary outcomes). Results, adjusted for the
covariate of ED diagnosis, indicated that higher scores in novelty
seeking predicted higher risk of dropout and lower risk of full
remission for both women and men. In the male group, higher
risk of dropout was also predicted by younger age, and lower
levels of reward dependence, whereas higher risk of full remission
was predicted by higher scores in persistence. All the models
included in Table 3 achieved goodness of fit (p> .05 in the
Hosmer–Lemeshow tests). Global predictive and discriminative
capacity was excellent for the models adjusted for women and
very good for the models adjusted for men.

The models for the criterion RCI (Table S6) showed that,
adjusted for ED diagnosis, high changes for men were related to
low scores in the novelty-seeking trait (OR=0.98, p= .049),
whereas no significant predictor was retained for women [the
only quasi-significant contributor was high scores in the reward
dependence dimension (OR=1.03, p= .091)].

Discussion

In an attempt to gain better insight into the treatment of men
with ED, this study evaluated similarities and differences
regarding treatment outcomes and dropout rates in men and
women with ED (using DSM-5 diagnostic criteria). This study

also examined differential predicting factors between sexes. It
aimed to provide information that could be useful in the revision
of ED treatment guidelines for men, a minority in the field of ED
that must not be overlooked.

Our first main finding was that, although both gender groups
obtained positive results from treatment, male ED patients who
completed treatment (specifically those with BN and OSFED)
presented higher full remission rates than women with the same
diagnosis. However, these findings might be explained by the
fact that ED females showed statistically significantly higher
ED severity than ED males. These findings are in line with
prior research (Bean et al., 2008; Støving et al., 2011; Strober
et al., 2006), but they are in disagreement with other studies
indicating similar outcomes for men and women with ED
(Fernández-Aranda et al., 2009b; Gueguen et al., 2012; Weltzin
et al., 2015). These inconsistencies may be due to the fact that
many previous studies were limited by small sample power
when considering men with ED. Also, because most studies
have assessed patients in residential or inpatient treatment
settings, their findings might be slightly inflated because of
increased comorbidity and symptom severity in men who need
intensive treatment. Contrastingly, our findings also indicate
that men with BN had higher dropout rates in comparison with
female BN patients. An intriguing finding, however, was that
those male and female patients that managed to reach the
halfway point in the treatment programme no longer dropped
out. From a clinical perspective, and according to our results,
it could be suggested that treatment discontinuation might be
associated with a lower level of motivation (less perception of
social impairment and less self-concern). Similarly, the fact that

Table 3 Predictive models of therapy outcomes: stepwise logistic regression

Women Men

B SE p OR 95%CI-OR B SE p OR 95%CI-OR

Dropout Dropout

Constant �3.483 1.948 .074 0.03 Constant 1.034 2.199 .638 2.81

Covariate: ED diagnosis .001 Covariate: ED diagnosis .298

AN versus OSFED �1.965 0.621 .002 0.14 0.04 0.47 AN versus OSFED �0.655 0.712 .358 0.52 0.13 2.10

BN versus OSFED �2.786 0.845 .001 0.06 0.01 0.32 BN versus OSFED 0.701 0.584 .230 2.02 0.64 6.33

BED versus OSFED �2.090 1.166 .073 0.12 0.01 1.22 BED versus OSFED �0.015 0.914 .987 0.99 0.16 5.91

Novelty seeking 0.036 0.018 .040 1.04 1.00 1.07 Age (years) �0.070 0.035 .043 0.93 0.87 1.00

Fitting: H-L; NR
2
; AUC 0.948 0.344 .819 Novelty seeking 0.042 0.016 .008 1.04 1.01 1.08

Reward dependence �0.045 0.017 .007 0.96 0.92 0.99

Fitting: H-L; NR
2
; AUC 0.735 0.253 .751

Full remission Full remission

Constant 1.768 2.056 .390 5.86 Constant 0.304 1.564 .846 1.36

Covariate: ED diagnosis .001 Covariate: ED diagnosis .393

AN versus OSFED 3.142 0.732 .001 23.15 5.51 97.24 AN versus OSFED 0.056 0.514 .914 1.06 0.39 2.90

BN versus OSFED 0.350 0.839 .676 1.42 0.27 7.35 BN versus OSFED 0.464 0.498 .351 1.59 0.60 4.22

BED versus OSFED 2.890 0.993 .004 17.99 2.57 12.60 BED versus OSFED 1.120 0.698 .108 3.06 0.78 12.03

Novelty seeking �0.034 0.018 .047 0.97 0.93 0.99 Novelty seeking �0.029 0.013 .022 0.97 0.95 1.00

Fitting: H-L; NR
2
; AUC 0.507 0.333 .822 Persistence 0.021 0.010 .030 1.02 1.00 1.04

Fitting: H-L; NR
2
; AUC 0.098 0.119 .716

Note:

ED, eating disorder; AN, anorexia nervosa; BN, bulimia nervosa; OSFED, other specified feeding or eating disorders; H-L, Hosmer–Lemeshow test; NR
2
, Nagelkerke’s

pseudo-R
2
coefficient; AUC, area under the ROC curve.
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dropouts for BN men occurred at a higher rate than BN
women suggests that low motivation in men might be linked
with the stigma surrounding ED as a ‘female phenomenon’
and therefore it might be a salient barrier for adherence to
treatment and reluctance to seek treatment (Griffiths et al.,
2015; Strother et al., 2012).

In terms of primary predictors, we found that some clinical
and personality characteristics were associated with treatment
outcome. Our findings indicated that the trait novelty seeking
was strongly associated with treatment outcome in both men
and women with ED. Higher scores in novelty seeking (namely,
the tendency to be more impulsive, excitable, dramatic and
intolerant of routine) were related to higher dropout risk, as
well as worse prognosis in both genders. This is in line with
prior research showing that greater impulsivity and novelty
seeking were associated with a higher risk of therapy failure,
treatment resistance, a lower remission rate and dropout in
women with ED (Castellini et al., 2012; Fernández-Aranda
et al., 2009a; Halmi, 2013). These findings suggest that more
impulsive patients, both men and women, would benefit from
alternative interventions that successfully reduce impulsivity.
Such interventions could potentially enhance treatment
adherence and overall therapeutic results (Fernández-Aranda
et al., 2015; Giner-Bartolomé et al., 2015). However, if we
consider the results obtained using the RCI (clinical significant
change) criterion, novelty seeking does not list as predictor of
improvement in women with ED. This discrepancy between
high RCI and ‘full remission’ could be justified by the fact that
presenting a high RCI does not imply remission, just
symptomatological improvement (i.e. a patient with BN who
started treatment presenting 21 binges or vomits per week and
ended treatment with five binges or vomits per week would
present a high RCI, but she would be in the partial remission
group instead of the full remission. The same would occur for
a patient with AN who started treatment with a very low BMI
and regained a significant amount of weight, but not enough
to reach a BMI of over 18; then she would be considered as a
high RCI but only in partial remission). Moreover, our findings
also indicate that both younger age and lower scores in reward
dependence were associated with higher dropout risk in the
group of men with ED. The lack of treatment adherence in
men with these characteristics is not surprising given that
patients with low reward dependence have been described as
seeking little emotional support, having a poor disposition to
being sociable and having difficulty in expressing their feelings
and thoughts (Cloninger, Svrakic, & Przybeck, 1993). Likewise,
higher scores in persistence were positively associated with full
remission. Being that persistence has been defined as having
perseverance despite frustration and fatigue (Cloninger et al.,
1993), this finding might explain why more persistent male
patients are more likely to carry out treatment promoting
changes.

Limitations and strength

The present study should be evaluated within the context of
its several limitations. First, we included only adult ED
patients from Spain. Hence, we cannot confirm whether our

results are generalizable to adolescent ED patients or to
individuals from other ethnic backgrounds. Second, the
questionnaires used to assess eating and shape concepts were
designed for women; therefore, further evaluations of body
image concerns for men are needed to improve the validity
and reliability of these scales for men. Third, the present
study did not use the same standardized questionnaires at
the end of the treatment (as objective measures), which would
have contributed to the reliability and objectivity of our
longitudinal findings. Fourth, this study is limited by the lack
of follow-up data. Hence, the results have to be interpreted
cautiously as we only assessed the participants at post-
treatment, and there is no way of knowing the extent to
which these effects persisted over time. Our findings only
allow us to talk about response during treatment or
symptomatological remission, but not recovery (i.e. the term
‘recovery’ requires a long period of abstinence from ED
symptomatology, and therefore follow-up data). Future
longitudinal studies should aim to collect this information
and to replicate this study in order to assess whether there
is a differential rate of relapse. Finally, no predictive models
were obtained for the risk of dropout and full remission
stratified by the diagnosis, because of the very low frequency
of these outcomes in some diagnostic subsamples. Future
research should also validate the predictors obtained in this
work considering ED diagnoses separately.

Notwithstanding these limitations, the current study has also
several strengths. For the first time, we have addressed treatment
response and dropout rates across a large sample of men with ED,
including different DSM-5 diagnoses. The results also add to a
growing body of research examining predictors of treatment
outcome in ED patients receiving CBT therapy. As far as we
know, this is the first study assessing predictors of treatment
outcome in ED men. Past studies of treatment outcome in men
with ED have included many ED diagnoses, although limited
sample size in these cases did not allow for analysing specific
predictive models of outcomes.

Conclusions

In conclusion, our findings indicate that, even though
outpatient CBT treatment for ED appears to be effective for
both genders, male patients who complete the therapy
(specifically those with BN or OSFED) benefit more from this
type of intervention than female patients with the same
diagnosis (Støving et al., 2011). Furthermore, lower scores in
novelty seeking appeared to be related to overall improvement
and to a lesser risk of dropout in both men and women with
ED. Also, specific predictors of poor outcome were found just
in men, namely, being younger and obtaining lower scores in
persistence and reward dependence. In light of our results, this
study reinforces arguments of continuing to use gender-based
treatment as usual for men with ED (Greenberg & Schoen,
2008). That said, placing greater emphasis on strategies that
promote motivation, treatment adherence, persistence and
reward dependence, as well as decreasing impulsivity, could
potentially enhance results in this group. Also, the concept of
stigmatization should be addressed in the first sessions of
therapy to lessen refusal of treatment.
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3.3 Estudio 3: Is food addiction a predictor of treatment outcome among 
patients with eating disorder?
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Abstract

Objectives: The study aimed to examine whether food addiction (FA) was

associated with greater severity in both binge eating disorders (BED) and

bulimia nervosa and, therefore, to determine if FA was predictive of treatment

outcome.

Method: Seventy‐one adult patients with bulimia nervosa and BED (42 and

29, respectively) participated in the study. FA was assessed by means of the

Yale Food Addiction Scale.

Results: The results confirmed a high prevalence of FA in patients with binge

disorders (around 87%) and also its association with a greater severity of the dis-

order (i.e., related to an increased eating psychopathology and greater fre-

quency of binge eating episodes). Although FA did not appear as a predictor

of treatment outcome in general terms, when the diagnostic subtypes were con-

sidered separately, FA was associated with poor prognosis in the BED group. In

this vein, FA appeared as a mediator in the relationship between ED severity

and treatment outcome.

Discussions: Our findings suggest that FA may act as an indicator of ED

severity, and it would be a predictor of treatment outcome in BED but not in

BN.
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1 | INTRODUCTION

Food addiction (FA) is a controversial construct that has
not been recognized as a diagnostic entity so far.
However, FA is receiving an increased interest and a
growing body of research in the last years (Fernández‐
Aranda, 2018). The concept of FA posits that individuals
experience addictive‐like symptoms related to the con-
sumption of high‐calorie/palatable foods (Bonder, Davis,
Kuk, & Loxton, 2018; Davis, 2016; Meule, von Rezori, &
Blechert, 2014; such as preoccupation with obtaining a
desired food, excessive consumption of unhealthy foods
despite adverse health consequences, craving, impaired
control, tolerance, withdrawal, and distress/dysfunction;
Fletcher & Kenny, 2018; Gordon, Ariel‐Donges,
Bauman, & Merlo, 2018), and with biological–hormonal
maintaining factors (Novelle & Diéguez, 2018; Peters
et al., 2018). It has been related to other addictive disor-
ders due to the parallels in the neurochemistry
(Gearhardt 2016; Jiménez‐Murcia et al., 2017; Tomasi
et al., 2015), specifically in terms of participation of
the dopaminergic reward system and the activation of
positive reinforcement mechanisms (Carter & Davis,
2011; Racine, Hagan, & Schell, 2019; Volkow, Wang,
Fowler, Tomasi, & Baler, 2012). This evidence suggests
that FA could be evaluated by considering the behav-
ioural and symptomatology patterns observed in other
addictions, as captured in the Yale Food Addiction Scale
(YFAS; Gearhardt, Corbin, & Brownell, 2009). Neverthe-
less, the debate about FA vs. eating addiction vs.
nonaddiction remains open (Meule, 2019). Although
some researchers have postulated for an integration of
FA into substance use disorders (Gordon et al., 2018),
others argue that it would be within behavioural addic-
tions (Albayrak, Wölfle, & Hebebrand, 2012). On the
other hand, other studies even doubt about the existence
of underlying addictive processes and postulate the loss
of control overeating as a core symptom of the eating
disorder (ED; Fletcher & Kenny, 2018).

Despite FA has not yet been formally recognized by
the Diagnostic and Statistical Manual for Mental Disor-
ders (DSM‐5; APA, 2013), it has emerged as a clinical
entity recognized within the spectrum of obesity and
abnormal eating behaviour (Wiss & Brewerton, 2017).
Recent studies have shown a high prevalence of FA
among patients with obesity and/or with an ED, espe-
cially among those with binge eating symptomatology
(Granero et al., 2014; Granero et al., 2018; Wiss &

Brewerton, 2017). Thus, studies on ED have found a
high prevalence of FA in patients with bulimia nervosa
(BN; de Vries & Meule, 2016; Granero et al., 2018;
Meule et al., 2014) and binge eating disorder (BED;
Gearhardt, Boswell, & White, 2014; Penzenstadler et al.
2018; Smith and Robbins 2013), reaching rates ranging
from 70% to 90% (Granero et al., 2014). In addition,
FA has also been associated with higher eating‐related
severity and psychopathology (Granero et al., 2014;
Imperatori et al., 2014), especially with greater levels
of weight/shape overvaluation and body dissatisfaction,
an increased frequency of binge eating episodes (Bur-
rows, Hides, Brown, Dayas, & Kay‐Lambkin, 2017; Bur-
rows, Kay‐Lambkin, Pursey, Skinner, & Dayas, 2018), as
well as with more dysfunctional personality traits (Wolz
et al., 2016) and emotional regulation deficits (Carlson
et al., 2018).

The literature analysing FA and response to treatment is
very scarce, and results are not yet conclusive. The few
studies assessing the relationship between FA and treat-
ment outcome in ED have focused on brief interventions
for patients with BN (Hilker et al., 2016) or on a food‐
specific inhibition training for patients with BED (Giel,
Speer, Schag, Leehr, & Zipfel, 2017). In this vein, Hilker
et al. (2016) found that severity of FA was a short‐term pre-
dictor of abstinence from binging/purging episodes after a
brief psychoeducational therapy among patients with BN
(Hilker et al., 2016). However, other study applying food‐
specific inhibition training in patients with BED found that
this intervention improved the inhibitory control towards
high‐caloric food stimuli, but it was not able to produce
changes in food craving or FA in these patients (Giel
et al., 2017). Additionally, the findings regarding FA and
weight loss interventions in patients with obesity are still
controversial. Although some authors found that FA may
act as a predictor of less weight loss after a low‐calorie die-
tetic intervention (Guerrero Pérez et al., 2018), others have
shown that the presence of FA before surgery was not asso-
ciated with presurgical body mass index (BMI) neither
postoperative weight loss (Ivezaj, Wiedemann, & Grilo,
2017). Furthermore, some studies have revealed that the
weight loss induced by a low‐calorie diet (Guzzardi et al.,
2018) or by bariatric surgery (Murray, Tweardy, Geliebter,
& Avena, 2019; Pepino, Stein, Eagon and Klein, 2014;
Sevinçer, Konuk, Bozkurt and Coşkun, 2016) induced
remission of FA symptoms and improved several dietary
behaviours associated with FA.
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Thus, on the basis of the available evidence
abovementioned, we hypothesized that FA may act as an
indirect measure of ED psychopathology and, therefore, it
may be associated with poorer treatment outcome in
patients with binge disorder, namely BN or BED. There-
fore, and taking into account all the aforementioned gaps
in the literature, the specific aims of the study were (a) to
analyse whether the presence of FA is associated with
greater ED psychopathology in the different binge diagno-
ses (BN and BED) and (b) to analyse whether the presence
of FA is associated with poor treatment outcome in
patients with binge disorder, namely BN and BED, after
an outpatient cognitive‐behavioural therapy (CBT)
intervention.

2 | METHODS

2.1 | Participants and procedure

Sample composed of 71 adult patients diagnosed with
binge disorders (42 BN and 29 BED), who were consecu-
tive referrals to the Eating Disorders Unit at Bellvitge
University Hospital in Barcelona. ED diagnoses were
made by means of a face‐to‐face semistructured clinical
interview (Fernández‐Aranda & Turón, 1998) that has
been updated based on the validated SCID‐5 interview
(First, Williams, Karg, & Spitzer, 2015) and conducted
by experienced clinical psychologists and psychiatrists.
The inclusion criteria for the sample were as follows: (a)
18 years and older, (b) diagnosed with BN or BED accord-
ing to DSM‐5 criteria; (DSM‐5; APA, 2013), and (c) have
completed a structured outpatient CBT group. Patients
who dropped out the treatment were excluded from the
present study (no statistical differences were found in
the comparison between patients who completed and
dropped out the CBT intervention, nor for the presence
of a FA positive screening score [P = .100], nor for the
FA severity level [p = .443], nor for the ED severity level
[p = .519], nor for the age of onset of the ED [p = .279],
nor for the duration of the disorder [P = .235], and nei-
ther for the disorder subtype [p = .766]) .

The present study was approved by the Ethics Com-
mittee of our institution (the Ethics Committee of Clinical
Research of the Bellvitge University Hospital), and all
research was conducted in accordance with the latest ver-
sion of the Helsinki Declaration. Signed informed consent
was provided by all participants.

2.2 | Assessment

Information about current ED symptoms, antecedents,
and other psychopathological data of interest, as well as

other relevant sociodemographic and clinical variables,
were obtained by a face‐to‐face, standardized, structured
interview. Additionally, the following commonly applied
questionnaires in the field of EDs were employed:

• Eating Disorders Inventory‐2 (EDI‐2; Garner, 1991).
The Spanish validation of this questionnaire has been
used (Garner, 1998) to assess psychological and behav-
ioural characteristics of the ED. The internal consis-
tency (coefficient alpha) for the current sample was
excellent (α = .94).

• YFAS (Gearhardt et al., 2009; Spanish validation
(Granero et al., 2014). This is a 25‐item self‐report
instrument that was designed to assess FA according
to the seven symptoms of substance dependence listed
in the Diagnostic and Statistical Manual of Mental Dis-
orders 4th edition Text Revision. When at least three
criteria and significant clinical impairment are
reported, a diagnosis of FA is given. Moreover, a symp-
tom count, indicating FA severity, can be measured to
provide a score between 1 and 7. The internal consis-
tency of our sample was good (α = .84).

2.3 | Treatment

Treatment for BN and BED consisted of 16 weekly outpa-
tient group therapy conducted by experienced psycholo-
gist. Patients with BN and BED were placed in
separated therapy groups, but both treatment groups were
based on the same CBT programme. The treatment proto-
col was manualized and published in Spanish
(Fernández‐Aranda & Turón, 1998). Its effectiveness has
been described previously (Agüera et al., 2013).

Patients were reassessed at discharge and categorized
into the following three categories: full remission, partial
remission, and nonremission. These categories were
based on the consensus judgment of the senior clinical
staff who considered all aspects of the patient's treatment
outcome, such as frequency of binge episodes and com-
pensatory behaviours (such as self‐induced vomiting or
laxative and diuretics misuse), and improvement in ED
cognitions. To assess clinical significance of response to
treatment, the therapists had access to objective primary
measures, such as the number of binging/purging epi-
sodes per week, based on entries from a food diary.
According to DSM‐5 criteria (APA, 2013), the working
definition of full remission was a total absence of symp-
toms meeting diagnostic criteria for at least four consecu-
tive weeks, partial remission was defined as substantial
symptomatic improvement but with residual symptoms,
and the patients who presented poor outcomes were
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defined as nonremission. These categories were previ-
ously used to assess treatment outcome in threshold ED
in other published studies (Agüera et al., 2015; Agüera
et al., 2017; Custal et al., 2014; Sauchelli et al., 2016; Stew-
ard et al., 2016).

2.4 | Statistical analysis

Statistical analysis was carried out with Stata16 for win-
dows. Partial correlations adjusted by sex and age esti-
mated the association between the FA severity level with
the other eating clinical variables (EDI‐2 scores, BMI and
frequency of binge eating episodes). In this analysis and
due the strong association between statistical significance
for the R‐coefficients and sample size (low‐poor coeffi-
cients tend to achieve statistical significance estimated into
large samples, whereas high coefficients tend to nonstatis-
tical significant into samples with a few number of partici-
pants), effect size was considered low‐poor for |R| > .10,
moderate‐medium for |R| > .24 and large‐high for |
R| > .37 (these thresholds corresponds to Cohen's d of
0.20, 0.50, and 0.80, respectively (Rosnow & Rosenthal,
1996).

Logistic regression assessed the contribution of the
participant's age, the diagnostic subtype (BED vs. BN),
the ED severity (EDI‐2 total score), and the presence of
FA (present vs. absent) on the likelihood of a CBT poor
treatment outcome (defined as nonremission). Fitting of
the model was valued with the Hosmer–Lemeshow test
(goodness‐of‐fit was considered for p > .05); global predic-
tive capacity was measured with the Nagelkerke's
pseudo‐R2 coefficient, and global discriminative ability
with the area under the ROC curve (AUC; effect size for
AUC< .65 was interpreted as low‐poor, for.65 <AUC< .70
moderate‐medium, and for AUC > .70 large‐high;
Steyerberg et al., 2001).

Path analysis procedures modelled as a case of struc-
tural equation modelling (SEM) estimated the underlying
mechanism (including mediational links, direct, and indi-
rect effects) between the participants' age, the diagnostic
subtype, the FA severity, and the ED severity on the likeli-
hood of the CBT treatment outcome. In this work, the
maximum‐likelihood estimationmethod of parameter esti-
mation was defined and fitting was tested through stan-
dard statistical measures: the chi‐square test (χ2), the root
mean square error of approximation (RMSEA), Bentler's
Comparative Fit Index (CFI), the Tucker–Lewis Index
(TLI), and the standardized root mean square residual
(SRMR). Adequate goodness‐of‐fit was considered for
(Barrett, 2007): P > .05 in the (χ2), RMSEA<.08, TLI > .90,
CFI > .90, and SRMR<.10. The global predictive capacity of
the model was measured by the coefficient of

determination (CD). The model was obtained for the
women subsample (n = 61) because the low frequency of
men in the sample did not allow fitting.

3 | RESULTS

3.1 | Characteristics of the sample

Most of the participants were women (n = 62, 87.3%) and
single (n = 41, 57.5%). Participants in the BN group were
younger (mean = 30.6 years old, SD = 10.0) compared
with participants with BED (mean = 39.3 years old,
SD = 9.9; p = .001), and the onset of the ED was also at
an early age in the BN group (mean = 19.1 years old
[SD = 6.6] versus mean = 25.2 years old [SD = 11.3],
p = .006). No differences between the groups emerged
for the duration of the disorder (mean = 11.3 years
[SD = 10.7] versus mean = 15.3 years [SD = 9.8],
p = .111). Table S1 includes the description for all the
measures of the study and the comparison between the
ED subtypes (BN vs. BED).

3.2 | Comparison of the FA measures
between sexes

All men in the study met clinical criteria, according to
YFAS, for a positive screening score in the FA measure,
and n=54 (87.1%)women also reported positive screening.
However, the comparison of the difference was statistically
nonsignificant (p= .128, but this result must be interpreted
with caution due the small sample size), but effect size was
into the moderate‐medium range (|d| = 0.54). Further-
more, the number of total DSM criteria for FA was higher
for women (mean = 5.7, SD = 1.3) compared with men
(mean = 5.1, SD = 1.2; although the mean difference was
statistically nonsignificant [p = .182], the effect size was
into the moderate‐medium range [|d| = 0.51]).

3.3 | Association of the FA severity with
ED measures

Table S2 includes the association between FA severity
(number of FA criteria) and the EDI‐2 scales (bulimia
and impulse regulation scales and the total score), BMI,
and frequency of binge eating episodes (partial correla-
tions adjusted by sex and age). When considering the total
sample, a positive correlation between the FA and the
number of weekly binge eating episodes and the ED psy-
chopathology (measured by EDI‐2) was found. Into the
BN group, FA level positively correlated with ED psycho-
pathology (specifically with EDI‐2 bulimia and total
scores), BMI, and weekly frequency of binge eating
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episodes. For patients with BED, FA severity also posi-
tively correlated with the ED psychopathology and with
the weekly frequency of binge eating episodes.

3.4 | Baseline FA and therapy outcome
among the ED subtypes

Table 1 displayed the percentage of patients with or with-
out FA at baseline according to each therapy outcome cat-
egory (full remission, partial remission, and
nonremission) among the ED subtypes (Figure 1 includes
the bar chart with the linear showing linear/quadratic

TABLE 1 Association between FA at baseline and treatment outcome among ED subtypes

Food
addiction→

Total sample BN BED

No
n = 8

Yes
n = 63 p |d|

No
n = 5

Yes
n = 37 p |d|

No
n = 3

Yes
n = 26 p |d|

Full remission 62.5% 57.1% .882 0.11 40.0% 40.5% .826 0.01 100% 80.8% .444 0.69*

Partial remiss. 25.0% 33.3% 0.18 40.0% 48.6% 0.17 0% 11.5% 0.51*

Nonremission 12.5% 9.5% 0.10 20.0% 10.8% 0.26 0% 7.7% 0.41

Note. Bold: effect size into the moderate‐medium (|d| > 0.50) to large‐high range (|d| > 0.80).

Abbreviations: BED, binge eating disorder; BN, bulimia nervosa; BED, binge eating disorder; |d|: Cohen's d coefficient (absolute value) ED, eating disorder; FA,
food addiction.

*Significant comparison (.05 level).

FIGURE 1 Bar‐chart for the percentage

of participants in each therapy outcome

condition (full remission, partial

remission, and nonremission; n = 71).

Note. FA, food addiction; BN, bulimia

nervosa; BED, binge eating disorder. Blue

colour line, linear/quadratic trend for the

FA = no condition. Red colour line,

linear/quadratic trend for FA = yes

condition [Colour figure can be viewed at

wileyonlinelibrary.com]
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trends). Whereas no differences between the groups were
obtained in the resulting therapy outcome categories
when considering the total sample and the BN subsam-
ple, there were significant differences obtained in the
BED group. Namely, the participants with BED with
baseline positive FA presented poorer treatment outcome
than those with baseline negative FA (80.8% vs. 100% full
remission, respectively).

3.5 | Predictive model of the therapy
outcome

Table 2 contains the final logistic regression, when con-
sidered the whole sample (BN and BED), for the criterion
therapy outcome “nonremission,” considering as predic-
tors the participants' age, diagnostic type, ED psychopa-
thology (measured by means of EDI‐2 total score), and
presence of FA (positive vs. negative screening score).
No significant interaction was found between the FA
and the age (p = 0.347), suggesting that the effect of the
FA on the therapy outcome was equal independent of
the participants' age. The results of the model including
the interaction parameter show that the risk of a poor
therapy outcome is increased for older patients and those
with a higher ED psychopathology at baseline. No predic-
tive capacity on the therapy result was obtained for the
diagnostic subtype and the FA. The model achieved good

fitting (Hosmer–Lemeshow: p = .715), large‐high predic-
tive capacity (R2 = .225) and large‐high discriminative
ability (AUC = 0.833).

3.6 | Pathways analysis (SEM)

Figure 2 contains the path diagram with the standardized
coefficients obtained in the SEM (complete results are in
Table S3). The model only retained the significant coeffi-
cients, and adequate goodness‐of‐fit was obtained:
χ2 = 1.27 (p = .259), RMSEA = 0.067, CFI = 0.993,
TLI = 0.935, and SRMR = 0.031. The results of the model
showed that BED diagnosis and lower ED severity
achieved direct effect on the CBT outcome, increasing
the likelihood of full remission. Two mediational links
also emerged: (a) older age was related to both lower
ED severity levels and presence of BED diagnosis, which
increased the risk of good outcome, and (b) lower FA
severity were related to lower levels in the ED severity,
which increased the odds of full remission. The global
predictive capacity of the SEM was CD = 0.366.

4 | DISCUSSION

Although the interest in studying the association between
FA and ED has increased drastically in the last few years,
most of the published studies have used cross‐sectional

TABLE 2 Predictive capacity of FA level on the poor outcome (nonremission): Logistic regression (n = 71)

Coefficients Fitting

B SE p OR 95% CI (OR) R2 AUC H‐L

Age (years) 0.106 0.049 .013* 1.11 1.01 1.22 .225 .833 .715

Diagnosis (0 = BN; 1 = BED) −1.651 1.007 .073 0.19 0.03 1.38

ED severity (EDI‐2 total) 0.022 0.013 .045* 1.02 1.01 1.05

FA (0 = negative; 1 = positive) −2.070 1.465 .164 0.13 0.01 2.23

Interaction FA‐by‐age Parameter excluded due the non‐significant result: p = .347

Abbreviations: AUC, area under ROC curve; BED, binge eating disorder; BN, bulimia nervosa; ED, eating disorder; FA, food addiction; H‐L, Hosmer–Lemeshow
test (p value); R2, Nagelkerke's pseudo R2.

*Significant parameter (.05 level).

FIGURE 2 Structural equation modeling (SEM): path analysis obtained for the dependent variable “full remission”
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designs (Fernandez‐Aranda, Karwautz, & Treasure,
2018). One of the few studies analysing FA as a possible
predictor of treatment outcome in patients with bulimic
symptoms was carried out after a brief psychoeducational
intervention (Hilker et al., 2016), and only the short‐term
effect was assessed. Hence, to our knowledge, this is the
first study that attempted to address whether the presence
of FA is associated with greater ED psychopathology and
treatment outcome after a completed CBT outpatient
programme.

First, as expected, this study confirmed previous find-
ings on the high prevalence of FA in patients with BN
(de Vries & Meule, 2016; Meule et al., 2014) and BED
(Gearhardt et al., 2014; Smith & Robbins, 2013;
Penzenstadler et al., 2018). Similar to previous studies
(Granero et al., 2014), we found that about 87% of female
patients with bulimic symptoms scored positive in the
YFAS (Granero et al., 2014; Wiss & Brewerton, 2017).
Males with ED even had higher rates of FA than their
female counterparts. These results are in disagreement
with another study that indicated a higher prevalence of
FA in women than in men (Hauck, Weiß, Schulte, Meule,
& Ellrott, 2017). This inconsistency might be explained by
the fact that our study assessed patients with ED, whereas
the study of Hauck et al. (2017) analysed FA in the gen-
eral population. Therefore, our findings may be slightly
inflated because of increased severity of eating‐related
symptoms in males with EDs. However, these results
should be interpreted with caution due the small sample
size of the males with ED's.

Second, the main finding of our study confirms the
association between FA and the ED psychopathology.
Patients with FA, both BN and BED, scored higher in
the EDI‐2 questionnaire and presented more weekly fre-
quency of binge eating behaviours. These results are in
line with previous literature that reported a direct associ-
ation between FA, bingeing ED subtype and with greater
eating and psychopathological severity (Granero et al.,
2014). Some authors have even suggested that FA may
be solely a marker of severity especially associated with
factors such as more frequent binge eating episodes (Bur-
rows et al., 2017; Burrows et al., 2018; Imperatori et al.,
2014) and that FA does not independently measure addic-
tive mechanisms (Granero et al., 2014; Hilker et al., 2016;
Ivezaj, Wiedemann, Lydecker, & Grilo, 2018). In addition,
our results were not able to find significant differences
between the presence of FA and BMI in ED, solely in
those with BN. Hence, as suggested in previous studies
(Villarejo et al., 2014), BMI may be a consequence of
disinhibited eating behaviour rather than a factor related
to FA itself. In ED patients, FA may not predict disor-
dered eating behaviour indiscriminately, but it might be

specifically linked to disinhibited eating (Burgess, Turan,
Lokken, Morse, & Boggiano, 2014).

Third, and partially supporting our hypothesis, our
findings showed a direct association between the pres-
ence of FA and a poor clinical outcome in BED but
not in BN or in the sample of ED as a whole. We found
that the presence of FA in the subsample of patients
with BED was associated with a lower likelihood of
achieving full remission. Overall, patients with BED
tend to show a better prognosis than patients with BN
(Agüera et al., 2013; Linardon, Kothe, & Fuller‐
Tyszkiewicz, 2019). However, this finding suggests that
the presence of FA in patients with BED might be act-
ing as a maintenance factor for binge eating episodes,
possibly due to its effect on the impaired reward system
characteristic of addictive processes. The extent to which
patients with BED can benefit from approaches and
interventions based on an addictive model should be
elucidated in further studies.

In terms of clinical predictors, our results showed an
association between ED psychopathology and CBT out-
come: The higher the ED psychopathology, the lower
the probability of ED symptomatological remission.
These results are in accordance with previous literature
(Dakanalis, Colmegna, Riva, & Clerici, 2017; Lammers,
Vroling, Ouwens, Engels, & van Strien, 2015; Vroling,
Wiersma, Lammers, & Noorthoorn, 2016; Wagner
et al., 2015) reporting that ED psychopathology, such
as binge eating episodes and shape/weight concerns,
are significant predictors of dropout, and high levels of
body dissatisfaction are associated with poor outcomes.
In addition, our results also showed that age played an
important role in the prognosis of these disorders. In
line with previous studies, our results evidenced that
younger patients presented with higher ED psychopa-
thology (Agüera et al., 2017). Contrastingly, our findings
indicated an association between older age and higher
YFAS scores. These results are not in line with a previ-
ous research reporting that the younger population
exhibited a higher prevalence of FA (Hauck et al.,
2017). However, these discrepancies may be due to the
fact that the study of Hauck et al. (2017) analysed peo-
ple in the general population, whereas we assessed
patients with binge disorders. Therefore, in our sample,
older patients with binge disorders may be those with
a longer duration of the disorder and increased FA
symptomology (Hauck et al., 2017).

Finally, one of the most striking findings of our study
was that FA per se was not directly associated with the
response to treatment. These findings are not in accor-
dance with a prior study reporting that FA severity is a
short‐term predictor of abstinence from binging/purging
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episodes in patients with BN after a brief group treatment
(Hilker et al., 2016). However, although we were not able
to find a direct effect of FA on the treatment outcome, FA
seems to act as a mediator in the relationship between ED
psychopathology (measured by the total EDI‐2 score) and
treatment outcome. In this sense, FA may act as a marker
of the severity of the ED and, therefore, is the severity of
the disorder (increased and impaired by the FA), rather
than the presence of FA for itself, which acts as a predic-
tor of nonremission.

4.1 | Limitations and strengths

Some limitations must be taken into account when
interpreting the results of this study. First, we used the
first version of YFAS (Gearhardt et al., 2009) that was
developed to operationalize indicators of addictive‐like
eating, originally based on the Diagnostic and Statistical
Manual of Mental Disorders 4th edition Text Revision
criteria for substance‐use disorders. However, it would
be useful to replicate the results using the updated version
of this scale (i.e., YFAS 2.0). The YFAS 2.0 was developed
to reflect changes to diagnostic criteria in the DSM‐5
(Gearhardt, Corbin, & Brownell, 2016). Second, the lim-
ited sample size and especially the lack of males in the
sample do not allow us to generalize the results. Third,
the present study did not use the same standardized ques-
tionnaires at the end of the treatment (as objective mea-
sures), which would have contributed to the reliability
and objectivity of our longitudinal findings. Finally, we
were not able to analyse the presence of FA before the
disorder, so we cannot confirm that FA came prior to
the ED and, therefore, acts as a risk factor for the severity
of the ED or, on the contrary, a greater severity of the dis-
ease causes greater FA presence, as a marker of severity.

Notwithstanding these limitations, the current study
also has several strengths that should be noted. As far as
we know, this is the first study assessing whether FA
may act as a possible predictor of treatment outcome in
patients with BN and BED. Also, the findings derived
from this study might improve our ability to better under-
stand the influence of FA in the prognosis of these
patients and thereby aid in tailoring the best treatment
alternatives.

5 | CLINICAL IMPLICATIONS

In the light of these findings, FA might be interpreted as a
severity index of the ED indirectly associated with treat-
ment outcome. Therefore, it would be necessary to deter-
mine which therapeutic tools might be effective for the
treatment of FA, especially in patients with BED. In this

sense, further studies are needed to assess the extent to
which patients with BED can benefit from other
approaches and interventions based on the addictive
model to improve treatment outcomes (Meule, 2019).
However, it is a controversial point because, despite the
neurobiological and clinical similarities between FA and
addictive disorders, the consumption of food (unlike alco-
hol, substances, or gambling) is necessary for life, making
it impossible to design a treatment based on total
abstinence.

6 | CONCLUSIONS

In conclusion, our findings confirm the high presence of
FA in a clinical sample of EDs, concretely in bingeing
ED subtypes. Our results also indicate that high FA levels
were associated with greater ED psychopathology in
patients with BED and BN. The presence of FA was found
as a predictor of treatment outcome just in the case of
BED but not in BN. Finally, the results suggest that FA
may act as a marker of severity and, therefore, also as a
mediator between ED severity and treatment outcome,
especially for patients with BED.
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