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Introduction: Anorexia nervosa is usually associated with emotional and cognitive

difficulties. Little knowledge is available about the changes in cognitive functioning in

patients undergoing treatments. The aim of the present study was to longitudinally

assess the impact of partial hospitalization on clinical and cognitive functioning in

anorexia nervosa.

Materials and Methods: 56 women with anorexia nervosa according to DSM-5

criteria and 58 healthy women were enrolled in the study. At baseline, all participants

underwent clinical, diagnostic and neuropsychological assessment (T0). Patients were

also assessed at the end of the treatment program (T1; n = 56).

Results: BMI improved significantly throughout treatment. At baseline, patients

showed significantly poorer executive abilities and less specific autobiographical

memory. After the day-hospital program, decision-making abilities improved significantly.

Response to treatment was predicted by BMI at admission and duration of illness, but

neuropsychological performance did not contribute to the prediction model.

Discussion: Cognitive difficulties, mostly regarding executive functions, resulted

differently affected by clinical improvement. In particular, while cognitive monitoring and

cognitive inhibition appear to be mostly stable trait-like characteristics, decision-making

is both more state-dependent and sensitive to clinical status. None of the cognitive

variables added information about the response to day hospital treatment; patients

with short duration of illness and a rapidly decreasing BMI would benefit more from

intensive interventions than less “acute” patients. These observations, if confirmed by

future studies, have important clinical implications in order to understand the impact of

malnutrition on cognitive functioning and to provide individualized effective treatment for

patients with anorexia nervosa.

Keywords: anorexia nervosa, cognitive functioning, executive functions, partial hospitalization, DH treatment,
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INTRODUCTION

Eating disorders are very complex psychiatric manifestations
characterized by an over-appraisal of food, eating, body weight
and shapes, along with an extreme need for control over
these aspects (1). Studies on the effectiveness of psychological

treatments for eating disorders, especially for anorexia nervosa,
found no superiority of a specific approach (2, 3) and, for

adolescent patients, family-based interventions are the dominant
model. Following the international clinical guidelines, a higher
intensity of care (i.e., day hospital and/or hospitalization)
in both adolescents and adults is indicated when there is
a high medical risk or a lack of response to outpatient
treatment (4). More intensive interventions appear effective

in gradually improving nutritional status and controlling
dysfunctional behaviors (i.e., binging, purging, hyperactivity,
other manifestations of impulsivity), although they are also
associated with a high risk of subsequent relapse. Ambivalence
and poor motivation are important aspects of the disorder and
may be associated with several factors including neurocognitive
difficulties, such as cognitive rigidity, difficulties in global
thinking, and emotional/social difficulties.

In recent years, based on these clinical observations,
researchers have started to systematically assess cognitive
functioning in eating disorders, not only in terms of body
weight and shape distortions or overvaluation of food and
eating, but specifically with regard to the way in which
patients think and how they cope with difficulties. This has
led research interest to be extended to a broad cognitive and
neuropsychological profile of these complex disorders (5, 6).

The neuropsychological phenotype of anorexia nervosa consists
of cognitive rigidity, set-shifting difficulties, high involvement
in rigid and repetitive habits that obstructs the ability to
infer environmental changes and the need for new response
strategies (leading to perseveration), poor central coherence
(i.e., higher detail-focused information processing despite global
thinking), poor foresight in decision-making, and a sort of
context-dependence in adaptive decision-making, along with
difficulties in stopping automatic (hyper-learned) responses in
place of more creative and adaptive answers (7–11). Some of

these aspects appear to persist after recovery and have been
detected, albeit more subtly, also in unaffected sisters (9, 12–
14). Nevertheless, some evidence has been provided that the

morbid process, in terms of illness duration, illness state and
illness severity, negatively impacts cognitive performance (8).
Furthermore, there is some evidence which suggests differential
neuropsychological alterations underlying the spectrum of eating
disorders (restrictive vs. binge-purging extremes), especially with
regard to executive functions (in particular, set-shifting and
decision-making) (15, 16). The real impact of malnutrition and
being underweight on cognitive functions and the effective role
of neurocognitive alterations toward clinical expressions and
outcome have not yet been defined (5). For these reasons, there
is a need to carry out longitudinal studies in order to better
clarify these aspects (e.g., their state/trait nature of cognitive
alterations in anorexia nervosa), in particular, given the relevance
of cognitive abilities as factors involved at different levels and in

several aspects (i.e., vulnerability, maintaining factors, treatment
motivation and adherence, treatment outcome and prognosis).
Moreover, the impact of care not specifically oriented toward
cognitive rehabilitation on clinical and cognitive improvement
remains to be clarified. Treatments directly targeting cognitive
alterations (e.g., cognitive remediation therapy) do not seem
to improve clinical outcomes and the data on their efficacy
on cognitive functions are mixed (17). The main aim of the
present study was to evaluate the longitudinal changes of clinical,
psychopathological and cognitive characteristics in a group of
patients with anorexia nervosa who were admitted to an intensive
semi-residential treatment program as a step of their therapeutic
pathway. We also aimed to explore the predictive role of clinical
and cognitive characteristics in treatment outcomes.

METHODS

In the first part of the study, we performed a cross-sectional
comparison between a group of adolescent and young adult
female individuals with anorexia nervosa who completed a
partial-hospitalization treatment (T0) and a group of healthy
women of similar age and education. Then, we conducted a
longitudinal study with the same patients, who were also assessed
at the end of the treatment (T1) and, in a small subgroup, at 1-
year follow-up (T2). Given that both data collection is still in
progress and this subgroup has a small sample size (N 19), we
focus analyses on the data pertaining to the first two times (T0
and T1).

Participants and Treatment
Fifty-six patients with anorexia nervosa, according to the DSM-5
criteria (18), and 58 healthy controls were included in the study.
We considered eligible for the study all patients consecutively
admitted to the day-hospital (DH) treatment program at the
Eating Disorders Unit of the Padova University Hospital (Italy),
from July 2014 to July 2020. Inclusion criteria for patients were:
admission to our Unit’s DH treatment for anorexia nervosa, more
than 14 years of age, written informed consent, by the patients
or parents (in patients under 18 years of age) for participation
in the study. Exclusion criteria were: prior or current traumatic
brain injury, lifetime history of any neurological, systemic
and/or severe psychiatric illness in comorbidity with AN
(suicidality, alcohol/substance use, psychotic features), drop-
out from treatment, need for acute admission to a medical
ward, admission for bulimia nervosa. The exclusion criteria for
controls, recruited from the general population, were body mass
index (BMI) below 18, having a first-degree relative with a
lifetime eating disorder, prior or current traumatic brain injury,
any neurological, psychiatric, or systemic illness and use of
psychoactive medication. In the 6 years considered in the study,
122 patients were admitted to the DH. Seventy-one patients were
excluded for the following reasons: 12 were admitted with a
bulimia nervosa diagnosis, 14 dropped out, 20 were admitted to
the DH only to manage acute medical complications or while
waiting for admission to a full-day hospital program, three were
males, three were pregnant, three were still in treatment, 11
because of other exclusion criteria.
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In our ED Unit, admission to day-hospital has to be
considered one step of a multi-disciplinary treatment that is
indicated: (1) when outpatient treatment is not effective; (2) when
patients need urgent assistance in order to stop weight loss; (3)
for patients who need intensive support for particular situations
(pregnancy, waiting for admission to a full-day intensive
program). The DH-treatment program is a 5-day per week
treatment offered between Monday and Friday from 9:30 am to
4:30 pm. The duration of the treatment is flexible and tailored
on the specific needs of patients. The program is cognitive-
behaviorally oriented, and during the DH treatment each patient
has both individualized and group psychotherapy sessions. The
nutritional program is also individualized and discussed with
an expert dietician who follows the patient throughout the
course of the treatment. The main activities in DH are assisted
meals, “Monday clinical meetings” of the patient with the
psychotherapist and the dietician, individual psychotherapeutic
sessions twice a week and, usually, group psychotherapy once
a week; a group about the “rules” of the day-hospital program
is also conducted every 2 weeks; psychoeducation and other
activities, such as relaxation training, are also included in the
program. Patients are regularly monitored by an expert internal
medicine physician during the whole treatment.

All participants to the study were assessed by means
of a clinical, psychopathological and neuropsychological test
battery. Participants were weighed and measured in height,
and underwent an adapted version of the eating disorders
section of the Structured clinical interview for DSM-5 (19),
and a semi-structured interview to collect sociodemographic
and clinical information. The neuropsychological assessment was
administered during the morning in a quiet and comfortable
room in a 90min session. Computerized tasks were administered
using a 15′′ notebook and test presentation was counterbalanced
across all participants. For patients, data were collected at
DH admission (T0, within the 1st week of admission) and
at discharge (T1). The Edinburgh Handedness Inventory (20)
was administered to assess hand lateralization. The study
was approved by the Ethical Committee of the Padova
University Hospital.

Improvement was based on both BMI normalization and
the clinical judgement of the two therapists who evaluated
and followed the patients during the day-hospital treatment.
In particular, we considered the following items as a sign of
improvement, if present together: (1) an increase in BMI by
at least three percentile points; (2) a general improvement in
eating patterns in terms of pace, amount, and variety of foods
accepted and regularly taken; (3) a significant modification in
global functioning (i.e., restoration of school/work attendance,
if previously interrupted, resumption of social relationships and
exchanges); (4) a reduction in depressive and anxious symptoms
as detected by self-reported assessment, but also as reported by
both the patient him/herself and significant others.

Self-Reported Measures
The State Trait-Anxiety Inventory (STAI) (21) was administered
only at T0 to assess state and trait anxiety, while the
following questionnaires were administered at both T0 and

T1: the Hopkins Symptom Checklist (HSCL-58) (22) to assess
psychiatric symptoms, the Eating Disorder Inventory (EDI) (23)
to detect eating psychopathology, and the Body Attitude Test
(BAT) (24) to investigate body image experience of one’s body.

Cognitive Assessment
A broad neuropsychological assessment (9, 11) covering several
cognitive settings was administered to both patients and controls.

The tasks used only at T0 were:

• the Brief Intelligence Test (TIB) (25), the Italian version of the
National Adult Reading Test, to measure premorbid general
cognitive abilities;

• the Wisconsin Card Sorting Task (WCST) (26, 27), which
is a widely used abstract thinking, set-shifting and cognitive
flexibility task (9);

• the Rey-Osterrieth Complex Figure Test (ROCFT) (28) is
a task involving both perceptive and executive (planning)
abilities (9).

The tasks administered at all the assessments were the following:

• the Iowa Gambling Task (IGT) (29), which is a well-
known and previously described computer task investigating
decision-making under risk (11, 30);

• the Cognitive Bias Task (CBias) (31), which measures adaptive
decision-making in terms of a balance between context-
independent (based on preexisting internal representations)
and context-dependent (based on the current features
characterizing that specific scenario) decision-making (see
previous descriptions of the task in 11);

• the Stop-Signal Task (SST) (32), which is a paradigm
developed to measure cognitive monitoring and response
inhibition (10);

• the Mittenecker Pointing Test (MPT) (33), which is a
random-motor-generation task examining two components
of cognitive flexibility (inhibition of prepotent responses and
memory monitoring/updating). Participants are instructed to
press nine unlabeled keys irregularly distributed over the
computer board following an acoustic signal (1.2/s) which
monitors the response production rate (i.e., one key pressed
for each sound). The task demands pressing keys in the most
random order possible and is in contrast with our innate
tendency to produce repetitive sequences, so a continuously
high control effort is required to inhibit automatically
developing routines. The total responses are 180 and the
outcome variables are two quantitative measures of deviation
from randomness: Context Redundancy (CR) and Symbol
Redundancy (SR). CR assesses the inhibition of developing
routines (response sequences) and SR gives a measure of
the memory component (memory monitoring/updating) of
random sequence generation. Both values range from 0
to 1. Low CR and SR values are associated with high
cognitive flexibility.

• the Autobiographical Memory Task (AMT) (34), which
assesses the ability to retrieve specific episodes from one’s own
life, by means of cue-words varying in their emotional valence
(i.e., positive, negative, neutral). The task consisted in orally
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presenting 12 cue-words and participants were instructed
to recall a specific episodic memory (with a limited space-
time location) from their life, that had happened more than
a week before (not a current episode). Outcome measures
considered were: the total specific memories retrieved, over-
general memories (categorical + extended memories), recent
memories (specific episodes pertaining to the last 3 months),
omissions (failure to respond in 30”), time to complete the task
and the emotional valence of memories retrieved regardless of
cue-word valence.

Practice Effect
In order to reduce the risk of a learning effect of the task, which
should always be considered in planning a longitudinal study
(35), we adopted, where possible, alternative versions of the same
task. In particular, for the IGT, we changed the output of the
different decks (with regard to the magnitude and the frequency
of losses). For the AMT, we adopted three alternate versions of the
task, two proposed by Williams (34) and the third derived from
cues adopted by other autobiographical memory tasks proposed
by the same group of researchers. For the CBias, the SST and the
MPTwe did not expect any practice effect. In the SST, the outputs
are in terms of reaction times and parameters (i.e., the frequency
and time of the stop-signal) change stochastically. The CBias and
the MPT are covert tasks, where a participant does not know
exactly what he/she is doing, and it is difficult for participants to
learn anything or understand the rationale of the task.

Statistical Analyses
Non-parametrical statistics were used to compare not normally
distributed groups. In particular, the U Mann-Whitney test was
used for non-parametric comparisons between two independent
groups. The Wilcoxon rank sum test for two paired groups
was employed to test longitudinally data. Associations between
variables were tested bymeans of the Spearman Rho. The General
Linear Model with age as covariate was used to compare more
than two groups. Multivariate logistic regression models were
used to assess the predictive role of clinical, psychopathological
and neuropsychological variables on clinical outcome. In order
to control the multi-comparison bias, the Bonferroni correction
was used, and only p-values equal to or lower than 0.003 were
considered significant. All statistical procedures were conducted
by means the SPSS, version 26 (IBM, 2019).

RESULTS

Treatment Outcome
In the whole sample (n = 56), the average duration of the day-
hospital program was 23.0 weeks (SD = 11.3), corresponding
to 78.0 days of treatment (SD = 39.1). All patients completed
assessment at T0 and T1.Most patients belonged to the restrictive
subtype (n = 48; 86%) and 20 were taking antidepressant drugs
at the time of admission (36%). The average BMI was 15.6 (SD
= 1.5; range 12.4–18.2) at admission and 17.3 (SD = 1.7; range
14.5–22.7) at discharge.

Out of the 56 patients enrolled in the study, 16 (29%) showed
no improvement during the program. Patients (n = 40) who

improved during the partial hospitalization program had a BMI
of 15.3 (SD = 1.5; range 12.4–18.2) at admission and 17.6
(SD = 1.8) at discharge. All patients who did not improve
during the day-hospital programwere referred formore intensive
treatment. Out of those patients who improved during the day-
hospital program, four decided to undergo a full-day intensive
treatment and the others to complete their treatment in an
outpatient setting.

Patients vs. Healthy Women
Table 1 summarizes the clinical and general characteristics of
patients with anorexia nervosa and healthy women, including
hand lateralization, depressive symptoms and state/trait anxiety.
Patients with AN showed significantly higher scores (p < 0.001)
than healthy women on all the subscales of the EDI and
the H-SCL.

Patients and controls did not differ in estimated intelligence
quotients investigated by means of the Brief Intelligence Test
(103.6 ± 4.2 vs. 105.5 ± 4.3; z = 1.77; p = 0.083). Table 2
reports the comparison between patients and controls in the
neuropsychological tasks.

The patients of our study showed altered executive
functioning (Table 2) and trends for difficulties in decision-
making, autobiographical memory, and they took longer to
complete the direct copy of the ROCFT. On the AMT patients
showed a poorer ability to retrieve their own life episodes,
needed more time to retrieve memories (F = 5.12; p = 0.026)
and reported a higher number of general memories than specific
autobiographical episodes (F = 6.87; p = 0.010), compared to
healthy controls. Moreover, in response to positive cues patients
reported significantly fewer memories (F = 11.03; p = 0.001)
than controls.

The comparison between patients of the restrictive subtype (n
= 48) and those of the binge eating/purging type (n= 8) showed
differences on both the number of perseverative responses (20.9
± 17.5 vs. 6.7± 2.5; F = 5.00; p= 0.03) and the global score (56.1
± 40.8 vs. 21.4 ± 16.9; F = 5.38; p = 0.024). Restrictive patients
were also both significantly more underweight at baseline (BMI:
15.4± 1.5 vs. 16.9± 1.2; F = 7.89; p= 0.007) and less depressed
(1.67± 0.89 vs. 2.66± 0.84; F = 8.34; p= 0.006).

Table 3 shows baseline characteristics of patients with good
and poor treatment outcome. Patients who improved during the
day-hospital program did not differ from those who did not with
regard to neuropsychological performance at T0 (only a trend for
reduced visual memory at the ROCFT was observed in the non-
improved group: 16.6 ± 4.1 vs. 20.0 ± 5.5; F = 4.44; p = 0.040).
However, the improved group was more underweight at baseline
(BMI: 15.3± 1.5 vs. 16.4± 1.4; F = 6.03; p= 0.017) and showed
a trend for a shorter duration of illness (19.4 ± 19.1 vs. 36.7 ±

38.6 months; z = 1.97; p= 0.049).

Longitudinal Changes
Table 4 summarizes clinical (BMI) and psychopathological
changes in patients at admission and at discharge. At discharge,
patients showed a significative improvement in BMI and in the
scores of self-reported questionnaires. The improvement in BMI
significantly correlated with the duration of the day-hospital
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TABLE 1 | Clinical and general characteristics of patients (at admission) and controls.

Anorexia nervosa (n = 56) Mean (SD) Healthy women (n = 58) Mean (SD) Z p

Age (years) 19.6 (5.2) 19.5 (4.9) −0.14 ns

Education (years) 12.0 (2.3) 11.9 (2.3) −0.31 ns

BMI (kg/h2) 15.6 (1.5) 21.3 (2.2) −9.03 0.000

Minimum BMI 15.5 (1.6) 19.6 (2.1) −8.20 0.000

Age of onset (years) 16.4 (3.6) —

Illness duration (months) 23.9 (26.0) —

N◦ previous treatments 1.02 (1.23) —

Hand lateralization (Edinburgh score) 57.1 (29.9) 66.8 (25.1) −1.87 0.061

Trait anxiety (STAI) 56.1 (13.4) 41.4 (9.6) −6.045 0.000

State anxiety (STAI) 48.5 (13.2) 34.7 (7.1) −5.894 0.000

Depression (H-SCL) 1.82 (0.9) 0.68 (0.6) −5.566 0.000

STAI, State Trait Anxiety Inventory; H-SCL, Hopkins Symptoms Checklist.

TABLE 2 | Neuropsychological tasks in patients with AN and healthy controls.

Anorexia nervosa (n = 56) Mean (SD) Healthy women (n = 58) Mean (SD) ANOVA* F(1,112) p

WCST Global score 51.0 (40.1) 37.8 (27.5) 3.94 0.050

WCST number of categories 4.8 (1.9) 5.8 (1.0) 10.20 0.002

WCST correct answers 66.5 (9.9) 70.6 (8.2) 5.47 0.021

WCST perseverative responses 18.9 (17.0) 12.8 (9.7) 5.08 0.026

IOWA net score 2.0 (30.8) 13.4 (20.8) 5.79 0.018

CBias raw scores 173.6 (29.3) 180.4 (31.9) 1.66 0.200

CBias converted scores 30.0 (22.6) 37.6 (22.7) 3.51 0.064

Rey copy trial 27.9 (3.1) 28.6 (3.8) 1.26 0.264

Rey copi CCI 1.01 (0.45) 1.03 (0.42) 0.12 0.730

Rey memory trial 19.0 (5.3) 19.1 (4.5) 0.003 0.953

Rey total time 201.5 (87.2) 159.1 (45.8) 9.95 0.002

Stop-signal reaction time 243.2 (45.9) 253.5 (46.3) 1.22 0.272

MPT_CR 0.28 (0.17) 0.26 (0.14) 0.16 0.691

MPT_SR 0.03 (0.05) 0.03 (0.08) 0.04 0.847

MPT_Lateral preference −0.08 −0.1 0.47 0.490

AMT total score 8.9 (2.1) 9.9 (2.2) 5.62 0.020

*Age was included as a covariate. According to the Bonferroni correction p should be considered at <0.003.

WCST, Wisconsin Card Sorting Task; CBias, Cognitive Bias Task; Rey copy CCI, Rey copy Central Coherence Index; MPT_CR, Mittenecker Pointing Task Context Redundancy; MPT_SR,

Mittenecker Pointing Task Symbol Redundancy; AMT total score, Autobiographical Memory Task total specific memories.

treatment both in terms of days spent in day-hospital (rho= 0.56;
p < 0.001) and in terms of total time in treatment (rho = 0.36; p
= 0.006).

Neuropsychological performance showed few changes
between the two time points: a significant improvement in the
IGT (Figure 1) and slightly higher CBias raw scores (Table 4).

Using a multivariate logistic regression model to predict the
negative outcome at discharge from the DH program we found
the following predictors (Model chi-square= 15.41; d.f.= 4; p=

0.004; 77% of correct prediction): BMI at admission (T= 0.69; ES

= 0.27; Wald = 6.31; p = 0.012; OR = 2.00, 95% CI, 1.16–3.43),

duration of illness (T = 0.03; ES = 0.01; Wald= 4.15; p= 0.042;
OR= 1.03, 95% CI, 1.01–1.05), diagnostic subtype (T = 1.90; ES

= 1.11; Wald= 2.91; p= 0.088; OR= 6.69, 95% CI, 0.75–59.36),
and depressive symptoms (T = 0.80; ES = 0.43; Wald = 3.41;

p = 0.065; OR = 2.22, 95% CI, 0.95–5.18). The inclusion in the
model of any other clinical and neuropsychological variable did
not improve the predictive ability.

DISCUSSION

The current longitudinal study complements and strengthens
findings from previous studies on the impact of clinical changes
on cognitive functioning in anorexia nervosa. It has been
hypothesized that cognitive difficulties, especially regarding
executive functions and visuospatial information processing,
might contribute to maintaining the disorder, both by hindering
therapeutic thinking and by reducing illness awareness (36,
37). However, the literature on cognitive changes after clinical
improvement is highly conflicting (5). Conspicuous evidence
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TABLE 3 | Clinical and general characteristics of patients with good and poor outcome at admission.

Anorexia nervosa Good outcome

(n = 40) Mean (SD)

Anorexia nervosa Poor outcome

(n = 16) Mean (SD)

Z p

Age (years) 19.1 (4.6) 20.7 (6.4) −0.96 ns

Education (years) 12.0 (2.2) 12.1 (2.5) −0.92 ns

BMI (kg/h2) 15.3 (1.5) 16.4 (1.4) −2.33 0.020

Minimum BMI 15.4 (1.7) 15.9 (1.4) −1.19 ns

Age of onset (years) 16.5 (4.0) 16.0 (2.2) −0.14 ns

Illness duration (months) 13.4 (14.1) 20.6 (32.5) −0.32 ns

N◦ of previous treatments 1.1 (1.2) 0.7 (1.2) −1.50 ns

Menarche 12.1 (1.0) 12.3 (1.4) −0.33 ns

Age at first diet 14.6 (2.0) 14.4 (1.5) −0.95 ns

Hand lateralization (Edinburgh score) 56.5 (29.3) 58.5 (32.2) −0.16 ns

Trait anxiety (STAI) 55.9 (11.7) 59.9 (8.7) −0.96 ns

State anxiety (STAI) 48.0 (13.7) 49.3 (11.9) −0.55 ns

Depression (H-SCL) 1.7 (0.97) 2.13 (0.86) −1.35 ns

Frequencies Frequencies χ
2 p

AN restrictive subtype 34/40 (85%) 14/16 (87,5%) 0.58 ns

TABLE 4 | Clinical and psychopathological variables across two longitudinal assessment time points.

T0 At admission (n = 56) Mean (SD) T1At discharge (n = 56) Mean (SD) Wilcoxon Z p

BMI 15.6 (1.5) 17.3 (1.7) 5.93 <0.0001

Drive for thinness (EDI) 13.2 (7.3) 7.8 (7.6) 3.80 <0.0001

Body attitudes (BAT) 56.4 (15.7) 48.1 (23.9) 2.18 0.029

H-SCL total score 1.20 (0.49) 0.84 (0.54) 3.15 0.002

H-SCL depression 2.19 (0.81) 1.55 (1.03) 3.47 0.001

IOWA net score 2.3 (29.4) 19.1 (33.8) 3.41 0.001

CBias raw scores 174.7 (29.5) 181.7 (30.4) 2.58 0.010

CBias converted scores 31.0 (22.6) 37.5 (22.7) 1.65 ns

Stop-signal reaction time 243.2 (45.9) 250.7 (95.4) 0.73 ns

MPT_CR 0.28 (0.18) 0.26 (0.14) 0.73 ns

MPT_SR 0.03 (0.06) 0.03 (0.02) 0.59 ns

MPT_Lateral preference −0.08 −0.08 −1.1 ns

AMT total score 8.9 (2.1) 8.5 (2.3) 0.89 ns

AMT Recent memories 2.4 (1.8) 3.2 (2.6) 1.93 0.054

*According to the Bonferroni correction, p should be considered at <0.003.

EDI, Eating Disorder Inventory; BAT, Body Attitude Test; H-SCL, Hopkins Syptoms Checklist; CBias, Cognitive Bias Task; MPT_CR, Mittenecker Pointing Task Context Redundancy;

MPT_SR, Mittenecker Pointing Task Symbol Redundancy; AMT, Autobiographical Memory Task.

supports the association between anorexia nervosa and executive
function alterations. One of the main conceptualizations of
executive functions supports their division into three separate
key sub-functions moderately related to each other: cognitive
shifting, information updating and monitoring and the ability to
inhibit automatic responses (38). In our sample we investigated
all of these three aspects, firstly cross-sectionally, comparing
patients to a group of healthy controls, and then longitudinally,
comparing cognitive performances at admission to a DH
treatment program and at the end of this program. According to
the literature on cross-sectional studies (39), our patients showed
poor task-switching and abstract thinking abilities, indicative

of cognitive rigidity compared to controls. Differently from
some studies (40), but in line with others (39) we observed a
greater executive impairment in restrictive patients, compared to
those with binge eating/purging symptoms. Updating refers to
the ability to check incoming information and to regulate the
load of working memory according to the current behavioral
goals. This specific aspect has been scarcely investigated in the
cognitive research of eating disorders. To our knowledge, this is
the first study to apply the MPT, a motor random generation task
based on responses which are neither hyper-learned nor linked
to academic skills (i.e., counting or spelling), to the anorexia
nervosa population. Patients and controls showed very close
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FIGURE 1 | IGT learning profile of patients in longitudinal assessment: T0 and T1 in comparison. Block 1: Z −2.44, p 0.014; Block 2:Z −2.73, p 0.006; Block 3: Z

−2.58, p 0.010; Block 4: Z −2.86, p 0.004; Block 5: Z −2.68, p 0.007. In gray the performance of controls at T0, as a reference, not included in the analyses

reported here.

scores at both indexes (i.e., context and symbol redundancy) and
we did not observe specific changes in longitudinal assessments
indicating a certain stability and independence from clinical
status. One possible reason may be that the CR index taps
not so much high-order repetitive behaviors (i.e., compulsions),
and narrow interests (the narrowness of focus, inflexibility and
perseveration in interests and activities) as low-order repetitive
behaviors (simple repetitive motor behaviors) (41). In both
cross-sectional and longitudinal assessments patients showed the
same pattern exhibited by controls (i.e., higher preference for
the right hemispace in both groups) and no differences across
time. Finally, we assessed the third sub-executive function, the
ability to inhibit or ignore the automatic or dominant tendency
to produce a specific (usually hyper-learned) response by the
Stop-signal paradigm. Patients investigated here showed no
significative differences in SSRT compared to controls. In the
longitudinal study, cognitive monitoring and response inhibition
did not show an early (T1) appreciable change, indicating a
certain independence from the clinical and nutritional status.
It may be that BMI normalization is not sufficient to impact
response inhibition abilities. The literature on the Stop-signal
task in anorexia nervosa lacks longitudinal assessments, and
the few cross-sectional neuroimaging studies led to quite mixed
results (42). Moreover, one study carried out on recovered
anorexia nervosa women (43) and another on adolescent acute
anorexia nervosa patients (44) both reported differences in
brain activation that were not supported by task performance.
In the literature, the few longitudinal studies about decision-
making in anorexia found discordant results. In one study
patients improved their IGT performance after weight gain
especially at one-year follow-up and in the case of complete
remission (45), while in the other two studies patients did
not improve at all (46, 47). Both the IGT and the CBias in
our study showed improvements after treatment, demonstrating

greater foresight in making choices (IGT) and greater balance
between internal information and context features in adaptive
decision-making conditions (CBias). These two tasks assess
different kinds of decision-making and our data are compatible
with the hypothesis that veridical decision-making abilities are
more strictly dependent on physiological and nutritional status,
while the adoption of a more adaptive decision-making style
appears somewhat related to a more general (both clinically
and psychologically) state of well-being. Furthermore, veridical
decision-making abilities appear to differentiate patients from
controls to a greater extent than adaptive decision-making
ability does.

Autobiographical memory, closely linked to superior
executive functions, consists in crucial personal memory
representations, which set the content of the self and define not
only who we are, but also who we have been and who we will
become (48). In anorexia nervosa, it is not so rare to clinically
observe that, despite the great benefits gained by patients after
recovery from the illness, in the case of relapse they have
strong difficulty remembering these benefits. Our findings are
closely in line with the literature: AN patients, in comparison to
controls, retrieved fewer specific memories and more “general”
autobiographical ones, a phenomenon called “overgeneral
autobiographical memory” (OGM) (49). The hypothesis
proposed by the literature is that these general memories have
a protective function, allowing patients to diminish the affective
impact of life experiences, reducing affective involvement and
distress. The Autobiographical Memory Task is considered “a
bridge task” between cold and hot cognition. Our patients took
longer to complete the task (showing once again a slowness
in performing cognitive and emotional tasks) and reported
fewer specific memories in response to positive cue-words
compared to controls, in line with some literature data which
reported a general impairment in access to emotional memories
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(both positive and negative) (50–52). In the longitudinal
assessment, AMT performance appeared to be quite stable, with
a trend for a higher number of specific recent episodes (i.e.,
episodes referring to the last 3 months) at discharge. To our
knowledge, this is the first longitudinal study on the AMT in
anorexia nervosa.

Concerning the clinical outcome, we found that patients who
improved during the DH treatment showed significantly lower
BMI along with shorter illness duration. Though it is well-
known that a short duration of illness represents a predictor
of a positive outcome, the finding about BMI was somewhat
unexpected, although not new (53). In the literature about long-
term outcome of patients with anorexia nervosa, a lower BMI
(or nadir BMI) usually represents a negative predictive factor
(54, 55). However, our sample was made up of patients for whom
intensive treatment has been indicated and it is possible that
our data simply reflect the fact that for more “acute” patients
(in terms of both shorter duration of illness and lower BMI)
the DH treatment might be more effective and appropriate. A
prompt treatment of anorexia nervosa cases is recommended
in the literature (56) and early stages of the disorder probably
represent a “critical window” within which to act to increase
treatment efficacy (57). Our data support the idea that patients
with short duration of illness and a rapidly decreasing BMI
would benefitmore from intensive interventions than less “acute”
patients. With the exception of BMI, our findings emerged
using a multivariate analysis, with response to treatment as the
dependent variable, are in line with the literature, according to
which longer duration of illness, the presence of depression,
higher age of onset, lower nadir BMI, the presence of bulimic
symptoms, and a longer need for in-patient treatment, all are
factors associated with a worse outcome (54, 58). We should
carefully take into consideration these clinical factors during the
diagnostic evaluation, in order to plan individualized and more
effective therapeutic projects. It might be the case to recommend
partial hospitalization even in patients with short duration of
illness and in the presence of low BMI, considering however the
importance of depressive and binge eating/purging symptoms as
possible barriers to care and potential indications for a full-day
intensive approach.

Interestingly, none of the cognitive variables seems to add
information about the response to treatment in a partial
hospitalization setting. It is possible that an intensive treatment
might reduce the importance of cognitive difficulties as possible
barriers for an effective treatment. Studies considering other
clinical settings should be conducted to better explore this
issue. It is also possible that the importance of some cognitive
difficulties might be “masked” by those clinical variables that
have an impact on cognitive functioning (i.e., decision making).

Studies on larger samples are needed to address this point
and to confirm our observation of an improvement of some
cognitive functions along with an improvement of clinical and
nutritional status.

CONCLUSIONS

In summary, the current longitudinal study provides further
evidence regarding the presence of cognitive difficulties in
patients with anorexia nervosa in their acute stage, with
some difficulties persisting despite clinical and nutritional
improvement. Executive functioning and autobiographical
memory alterations tend to persist beyond clinical recovery
and their role as possible vulnerability and maintaining factors
needs to be better understood. Decision-making abilities, both
veridical and adaptive, were both more state-dependent and
sensitive to clinical status changes: their alterations may act as an
exacerbation factor in very acute patients.

All these observations, if confirmed by future studies,
have important clinical and scientific implications in order to
understand the impact of malnutrition on cognitive functioning
and to provide individualized effective treatment for patients
with anorexia nervosa.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Ethical Committee of the Padova
University Hospital.

AUTHOR CONTRIBUTIONS

ET collected, analyzed the data and wrote the paper. EC analyzed
the data and wrote the paper. VM, PM, EB, TZ, and AV, collected
data and wrote the paper. AF analyzed data and supervised all
steps of the project. ET and EC are the principal investigators
of the research, developed the study protocol and supervised the
team. All authors contributed to the article and approved the
submission version.

ACKNOWLEDGMENTS

We would like to thank Chiara Rimondo and Sarah Del Favero,
our precious DH nurses, for all their support and assistance.

REFERENCES

1. Fairburn GC, Cooper Z, Shafran R. Cognitive behaviour therapy for eating

disorders: a “transdiagnostic” theory and treatment. Behave Res Ther. (2003)

41:509–28. doi: 10.1016/S0005-7967(02)00088-8

2. van den Berg E, Houtzager L, de Vos J, Daemen I, Katsaragaki G, Karyotaki

E, et al. Meta-analysis on the efficacy of psychological treatments for anorexia

nervosa. Eur Eat Disord Rev. (2019) 27:331–51. doi: 10.1002/erv.2683

3. Zeeck A, Herpertz-Dahlmann B, Friederich HC, Brockmeyer T, Resmark

G, Hagenah U, et al. Psychotherapeutic treatment for anorexia nervosa:

Frontiers in Psychiatry | www.frontiersin.org 8 April 2021 | Volume 12 | Article 653506

https://doi.org/10.1016/S0005-7967(02)00088-8
https://doi.org/10.1002/erv.2683
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Tenconi et al. Clinical Cognitive Changes Partial Hospitalization

a systematic review and network meta-analysis. Front Psychiatry. (2018)

1:158. doi: 10.3389/fpsyt.2018.00158

4. NICE National Institute for Health and Care Excellence. Eating Disorders:

Recognition and Treatment. Version 2.0. (2017). Available online at: https://

www.nice.org.uk/guidance/ng69/resources/eating-disorders-recognition-

and-treatment-pdf-1837582159813 (accessed December 16, 2020).

5. Smith KE, Mason TB, Johnson JS, Lavender JM, Wonderlich SA. A systematic

review of reviews of neurocognitive functioning in eating disorders: the

state-of-the-literature and future directions. Int J Eat Disord. (2018) 51:798–

821. doi: 10.1002/eat.22929

6. Miles S, Gnatt I, Phillipou A, Nedeljkovic M. Cognitive flexibility in acute

anorexia nervosa and after recovery: a systematic review. Clin Psychol Rev.

(2020) 81:101905. doi: 10.1016/j.cpr.2020.101905

7. Tchanturia K, Davies H, Roberts M, Harrison A, Nakazato M, Schmidt

U, et al. Poor cognitive flexibility in eating disorders: examining the

evidence using the Wisconsin Card Sorting Task. PLoS ONE. (2012)

7:e28331. doi: 10.1371/journal.pone.0028331

8. Lang K, Lopez C, Stahl D, Tchanturia K, Treasure J. Central coherence in

eating disorders: an updated systematic review andmeta-analysis.World J Biol

Psychiatry. (2014) 15:586–98. doi: 10.3109/15622975.2014.909606

9. Tenconi E, Santonastaso P, Degortes D, Bosello R, Titton F, Mapelli

D, et al. Set- shifting abilities, central coherence, and handedness in

anorexia nervosa patients, their unaffected siblings and healthy controls:

exploring putative endopheno- types. World J Biol Psychiatry. (2010) 1:813–

23. doi: 10.3109/15622975.2010.483250

10. Collantoni E, Michelon S, Tenconi E, Degortes D, Titton F, Manara

R, et al. Functional connectivity correlates of response inhibition

impairment in anorexia nervosa. Psychiatry Res Neuroimaging. (2016)

30:9–16. doi: 10.1016/j.pscychresns.2015.11.008

11. Tenconi E, Degortes D, Clementi M, Collantoni E, Pinato C, Forzan M, et al.

Clinical and genetic correlates of decision making in anorexia nervosa. J Clin

Exp Neuropsychol. (2016) 38:327–37. doi: 10.1080/13803395.2015.1112878

12. Holliday J, Tchanturia K, Landau S, Collier D, Treasure J. Is impaired set-

shifting an endophenotype of anorexia nervosa? Am J Psychiatry. (2005)

162:2269–75. doi: 10.1176/appi.ajp.162.12.2269

13. Kanakam N, Treasure J. A review of cognitive neuropsychiatry in the

taxonomy of eating disorders: state, trait, or genetic? Cogn Neuropsychiatry.

(2013) 18:83–114. doi: 10.1080/13546805.2012.682362

14. Talbot A, Hay P, Buckett G, Touyz S. Cognitive deficits as an endophenotype

for anorexia nervosa: an accepted fact or a need for reexamination? Int J Eat

Disord. (2015) 48:15–25. doi: 10.1002/eat.22332

15. Tchanturia K, AnderluhMB,Morris RG, Rabe-Hesketh S, Collier DA, Sanchez

P, et al. Cognitive flexibility in anorexia nervosa and bulimia nervosa. J Int

Neuropsychol Soc. (2004) 10:513–20. doi: 10.1017/S1355617704104086

16. Degortes D, Tenconi E, Santonastaso P, Favaro A. Executive functioning and

visuospatial abilities in bulimia nervosa with or without a previous history of

anorexia nervosa. Eur Eat Disord Rev. (2016) 24:139–46. doi: 10.1002/erv.2430

17. Hagan KE, Christensen KA, Forbush KT. A preliminary systematic

review and meta-analysis of randomized-controlled trials of cognitive

remediation therapy for anorexia nervosa. Eat Behav. (2020)

37:101391. doi: 10.1016/j.eatbeh.2020.101391

18. American Psychiatric Association. Diagnostic and Statistical Manual of

Mental Disorders. 5th ed. (DSM-5). Washington, DC: American Psychiatric

Publishing (2013). doi: 10.1176/appi.books.9780890425596

19. First MB, Williams JBW, Karg RS, Spitzer RL. Structured Clinical Interview

for DSM-5 Disorders, Clinical Version (SCID-5-CV). Arlington, VA: American

Psychiatric Association (2016).

20. Oldfield RC. The assessment and analysis of handedness:

the Edinburgh inventory. neuropsychologia. (1971) 9:97–

113. doi: 10.1016/0028-3932(71)90067-4

21. Spielberger CD. State-Trai Anxiety Inventory. Palo Alto, CA: Consulting

Psychologists Press (1983). doi: 10.1037/t06496-000

22. Derogatis LR, Lipman RS, Rickels K, Uhlenhuth EH, Covi L. The Hopkins

Symptom Checklist (HSCL): a self-report symptom inventory. Behav Sci.

(1974) 19:1–15. doi: 10.1002/bs.3830190102

23. Garner DM, Olmstead M, Polivy J. Development and validation of a

multidimensional eating disorder inventory for anorexia nervosa and bulimia.

Int J Eat Disord. (1983)2:15–34

24. Probst M, Vandereycken W, Van Coppenolle H, Vanderlinden

J. The Body Attitude Test for patients with an eating disorder:

psychometric characteristics of a new questionnaire. Eat Disord. (1995)

3:133–44. doi: 10.1080/10640269508249156

25. Colombo L, Sartori G, Brivio C. Estimation of intelligence quotient using the

TIB (Intelligence Brief Test). G Ital Psicol. (2002) 3:613–37. doi: 10.1421/1256

26. Heaton RK, Chelune GJ, Talley JK, Kay GG, Curtiss G.WCST.Wisconsin Card

Sorting Test. Manual.Odessa, FL: Psychological Assessment Resources (1993).

27. Laiacona M, Inzaghi MG, De Tanti A, Capitani E. Wisconsin card sorting test:

a new global score, with Italians norms, and its relationship with the Weigl

sorting test. Neurol Sci. (2000) 21:279–91. doi: 10.1007/s100720070065

28. Osterrieth P. The test of copying a complex figure: a con- tribution to the study

of perception and memory. Arch Psychol. (1944) 30:206–356.

29. Bechara A, Damasio AR, Damasio H, Anderson SW. Insensitivity to future

consequences following damage to human prefrontal cortex. Cognition.

(1994) 50:7–15. doi: 10.1016/0010-0277(94)90018-3

30. Giannunzio V, Degortes D, Tenconi E, Collantoni E, Solmi M, Santonastaso,

et al. Decision-making impairment in anorexia nervosa: new insights into the

role of age and decision-making style. Eur Eat Disord Rev. (2018) 26:302–

14. doi: 10.1002/erv.2595

31. Goldberg E, Podell K, Harner R, Riggio S, Lovell M. Cognitive bias, functional

cortical geometry, and the frontal lobes: laterality, sex, and handedness. J Cogn

Neurosci. (1994) 6:276–96. doi: 10.1162/jocn.1994.6.3.276

32. Verbruggen F, Logan GD. Models of response inhibition in the Stop-

Signal and Stop-Change paradigms. Neurosci Biobehav Rev. (2009) 33:647–

61. doi: 10.1016/j.neubiorev.2008.08.014

33. Schulter G, Mittenecker E, Papousek I. A computer program for testing

and analyzing random generation behavior in normal and clinical

samples: the Mittenecker pointing test. Behav Res Methods. (2010) 42:333–

41. doi: 10.3758/BRM.42.1.333

34. Williams JMG, Barnhofer T, Crane C, Beck A. T. Problem solving

deteriorates following mood challenge in formerly depressed patients

with a history of suicidal ideation. J Abnorm Psychol. (2005) 114:421–

31. doi: 10.1037/0021-843X.114.3.421

35. Calamia M, Markon K, Tranel D. Scoring higher the second time

around: meta-analyses of practice effects in neu- ropsychological

assessment. Clin Neuropsychol. (2012) 26:543–70. doi: 10.1080/13854046.

2012.680913

36. Treasure J, Schmidt U. The cognitive-interpersonal maintenance model of

anorexia nervosa revisited: a summary of the evidence for cognitive, socio-

emotional and interpersonal predisposing and perpetuating factors. J Eat

Disord. (2013) 1:13. doi: 10.1186/2050-2974-1-13

37. Abbate-Daga G, Amianto F, De-Bacco C, Delsedime N, Fassino S. Resistance

to treatment in eating disorders: a critical challenge. BMC Psychiatry. (2013)

13:294. doi: 10.1186/1471-244X-13-294

38. Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager T.

The unity and diversity of executive functions and their contributions to

frontal lobe tasks: a latent vari- able analysis. Cogn Psychol. (2000) 41:49–

100. doi: 10.1006/cogp.1999.0734

39. Wu M, Brockmeyer T, Hartmann M, Skunde M, Herzog W, Friederich HC.

Set-shifting ability across the spectrum of eating disorders and in overweight

and obesity: a systematic review and meta-analysis. Psychol Med. (2014)

44:3365–85. doi: 10.1017/S0033291714000294

40. Roberts ME, Tchanturia K, Treasure J. Exploring the neurocognitive signature

of poor set-shifting in anorexia and bulimia nervosa. J Psychiatr Res. (2010)

44:964–70. doi: 10.1016/j.jpsychires.2010.03.001

41. Lam KS, Bodfish JW, Piven J. Evidence for three subtypes

of repetitive behavior in autism that differ in familiality and

association with other symptoms. J Child Psychol Psychiatry. (2008)

49:1193–200. doi: 10.1111/j.1469-7610.2008.01944.x

42. Bartholdy S, Dalton B, O’Daly OG, Campbell IC, Schmidt U. A

systematic review of the relationship between eating, weight and inhibitory

control using the stop signal task. Neurosci Biobehav Rev. (2016) 64:35–

62. doi: 10.1016/j.neubiorev.2016.02.010

43. Oberndorfer TA, Kaye WH, Simmons AN, Strigo IA, Matthews SC.

Demand-specific alteration of medial prefrontal cortex response during an

inhibition task in recovered anorexic women. Int J Eat Disord. (2011) 44:1–

8. doi: 10.1002/eat.20750

Frontiers in Psychiatry | www.frontiersin.org 9 April 2021 | Volume 12 | Article 653506

https://doi.org/10.3389/fpsyt.2018.00158
https://www.nice.org.uk/guidance/ng69/resources/eating-disorders-recognition-and-treatment-pdf-1837582159813
https://www.nice.org.uk/guidance/ng69/resources/eating-disorders-recognition-and-treatment-pdf-1837582159813
https://www.nice.org.uk/guidance/ng69/resources/eating-disorders-recognition-and-treatment-pdf-1837582159813
https://doi.org/10.1002/eat.22929
https://doi.org/10.1016/j.cpr.2020.101905
https://doi.org/10.1371/journal.pone.0028331
https://doi.org/10.3109/15622975.2014.909606
https://doi.org/10.3109/15622975.2010.483250
https://doi.org/10.1016/j.pscychresns.2015.11.008
https://doi.org/10.1080/13803395.2015.1112878
https://doi.org/10.1176/appi.ajp.162.12.2269
https://doi.org/10.1080/13546805.2012.682362
https://doi.org/10.1002/eat.22332
https://doi.org/10.1017/S1355617704104086
https://doi.org/10.1002/erv.2430
https://doi.org/10.1016/j.eatbeh.2020.101391
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1016/0028-3932(71)90067-4
https://doi.org/10.1037/t06496-000
https://doi.org/10.1002/bs.3830190102
https://doi.org/10.1080/10640269508249156
https://doi.org/10.1421/1256
https://doi.org/10.1007/s100720070065
https://doi.org/10.1016/0010-0277(94)90018-3
https://doi.org/10.1002/erv.2595
https://doi.org/10.1162/jocn.1994.6.3.276
https://doi.org/10.1016/j.neubiorev.2008.08.014
https://doi.org/10.3758/BRM.42.1.333
https://doi.org/10.1037/0021-843X.114.3.421
https://doi.org/10.1080/13854046.2012.680913
https://doi.org/10.1186/2050-2974-1-13
https://doi.org/10.1186/1471-244X-13-294
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1017/S0033291714000294
https://doi.org/10.1016/j.jpsychires.2010.03.001
https://doi.org/10.1111/j.1469-7610.2008.01944.x
https://doi.org/10.1016/j.neubiorev.2016.02.010
https://doi.org/10.1002/eat.20750
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Tenconi et al. Clinical Cognitive Changes Partial Hospitalization

44. Wierenga C, Bischoff-Grethe A, Melrose J, Grenesko-Stevens E, Irvine

Z, Wagner A, et al. Altered BOLD response during inhibitory and

error processing in adolescents with anorexia nervosa. PLoS ONE. (2014)

9:e92017. doi: 10.1371/journal.pone.0092017

45. Steward T, Mestre-Bach G, Agüera Z, Granero R, Martín-Romera V,

Sánchez I, et al. Enduring changes in decision making in patients with

full remission from anorexia nervosa. Eur Eat Disord Rev. (2016) 24:523–

7. doi: 10.1002/erv.2472

46. Cavedini P, Zorzi C, Bassi T, Gorini A, Baraldi C, Ubbiali A, et al. Decision-

making functioning as a predictor of treatment outcome in anorexia nervosa.

Psychiatry Res. (2006) 145:179–87. doi: 10.1016/j.psychres.2004.12.014

47. Bodell LP, Keel PK, Brumm MC, Akubuiro A, Caballero J, Tranel D, et

al. Longitudinal examination of decision-making performance in anorexia

nervosa: before and after weight restoration. J Psychiatr Res. (2014) 56:150–

7. doi: 10.1016/j.jpsychires.2014.05.015

48. Williams JMG, Barnhofer T, Crane C, Herman D, Raes F, Watkins E, et al.

Autobiographical memory specificity and emotional disorder. Psychol Bull.

(2007) 133:122–48. doi: 10.1037/0033-2909.133.1.122

49. Dalgleish T, Tchanturia K, Serpell L, Hems S, De Silva P,

Treasure J. Self-reported parental abuse relates to autobiographical

memory style in patients with eating disorders. Emotion. (2003)

3:211–22. doi: 10.1037/1528-3542.3.3.211

50. Bomba M, Marfone M, Brivio E, Oggiano S, Broggi F, Neri F, et al.

Autobiographical memory in adolescent girls with anorexia nervosa. Eur Eat

Disord Rev. (2014) 22:479–86. doi: 10.1002/erv.2321

51. Kovács T, Szabo P, Paszthy. Reduced specificity of autobiographical memory

in anorexia nervosa. J Cogn Behav Psychother. (2011) 11:57–66.

52. Nandrino JL, Dobaa K, Lesnef A, Christophea V, Pezardc P.

Autobiographical memory deficit in anorexia nervosa: emotion

regulation and effect of duration of illness. J Psychos Res. (2006)

61:537–43. doi: 10.1016/j.jpsychores.2006.02.008

53. Favaro A, Tenconi E, Degortes D, Manara R, Santonastaso P. Gyrification

brain abnormalities as predictors of outcome in anorexia nervosa.Hum Brain

Mapp. (2015) 36:5113–22. doi: 10.1002/hbm.22998

54. Zipfel S, Löwe B, Reas DL, Deter HC, Herzog W. Long-term prognosis in

anorexia nervosa: Lessons from a 21-year follow-up study. Lancet. (2000)

355:721–2. doi: 10.1016/S0140-6736(99)05363-5

55. Löwe B, Zipfel S, Buchholz C, Dupont Y, Reas DL, Herzog W: Long-term

outcome of anorexia nervosa in a prospective 21-year follow-up study. Psychol

Med. (2001) 31(Suppl. 5):881–90. doi: 10.1017/S003329170100407X

56. Gumz A, Uhlenbusch N, Weigel A, Wegscheider K, Romer G, Löwe

B. Decreasing the duration of untreated illness for individuals with

anorexia nervosa: study protocol of the evaluation of a systemic

public health intervention at community level. BMC Psychiatry. (2014)

14:300. doi: 10.1186/s12888-014-0300-1

57. Hay PJ, Touyz S, Sud R. Treatment for severe and enduring

anorexia nervosa: a review. Aust N Z J Psychiatry. (2012)

46:1136–44. doi: 10.1177/0004867412450469

58. Steinhausen HC. The outcome of anorexia nervosa in the 20th century. Am J

Psychiatry. (2002) 159:1284–93. doi: 10.1176/appi.ajp.159.8.1284

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Tenconi, Collantoni, Meregalli, Bonello, Zanetti, Veronese,

Meneguzzo and Favaro. This is an open-access article distributed under the terms

of the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org 10 April 2021 | Volume 12 | Article 653506

https://doi.org/10.1371/journal.pone.0092017
https://doi.org/10.1002/erv.2472
https://doi.org/10.1016/j.psychres.2004.12.014
https://doi.org/10.1016/j.jpsychires.2014.05.015
https://doi.org/10.1037/0033-2909.133.1.122
https://doi.org/10.1037/1528-3542.3.3.211
https://doi.org/10.1002/erv.2321
https://doi.org/10.1016/j.jpsychores.2006.02.008
https://doi.org/10.1002/hbm.22998
https://doi.org/10.1016/S0140-6736(99)05363-5
https://doi.org/10.1017/S003329170100407X
https://doi.org/10.1186/s12888-014-0300-1
https://doi.org/10.1177/0004867412450469
https://doi.org/10.1176/appi.ajp.159.8.1284~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Clinical and Cognitive Functioning Changes After Partial Hospitalization in Patients With Anorexia Nervosa
	Introduction
	Methods
	Participants and Treatment
	Self-Reported Measures
	Cognitive Assessment
	Practice Effect
	Statistical Analyses

	Results
	Treatment Outcome
	Patients vs. Healthy Women
	Longitudinal Changes

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


