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ABSTRACT
There is limited research concerning the relationship between
neuropsychological assessment and self-report of executive func-
tioning in adolescent anorexia nervosa (AN); available studies
demonstrate only low to moderate correlations. Therefore, this
study examines the association between neuropsychological test
performance and self-report in AN. Forty adolescent inpatients
with AN completed an extensive neuropsychological assessment,
including set-shifting, central coherence, and questionnaires asses-
sing executive functioning in daily life (BRIEF-SR). Their parents
filled out an analog version (BRIEF-PF). Statistical analyses revealed
low to medium positive and negative correlations between neu-
ropsychological measures and BRIEF subscales. Similarly, self- and
parental ratings were only slightly positively correlated, with
patients scoring significantly higher than their parents on two
subscales. The results support previous findings of modest correla-
tions between self-report and performance-based testing and
emphasize the importance of a multiple format assessment of
executive functioning in adolescent AN.
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Anorexia nervosa (AN) is a severe mental disorder that is characterized by extensive
weight loss, restrictive eating patterns, disturbances in body image, and widespread
endocrine consequences (American Psychiatric Association, 2000). The illness is asso-
ciated with serious medical complications, difficulties in psychological and emotional
functioning and often tends to have a chronic course as patients typically remain
ambivalent about treatment (Agras, Crow, Mitchell, Halmi, & Bryson, 2009, Arcelus,
Haslam, Farrow, & Meyer, 2013, Arcelus, Mitchell, Wales, & Nielsen, 2011, Katzman,
2005). Its etiology is considered to be multifactorial and AN tends to set in during
adolescence, a period of heightened vulnerability in terms of brain, behavioral, cogni-
tive, and psychological development as well as endocrine changes (Blakemore, Burnett,
& Dahl, 2010, Herpertz-Dahlmann, 2015). From a clinician’s viewpoint, AN patients
exhibit rigid and rule-bound behavioral patterns that manifest in a preoccupation with

CONTACT Laura Rebecca Herbrich laura.herbrich@charite.de Department for Child and Adolescent Psychiatry,
Psychosomatic Medicine and Psychotherapy, Charité – Universitätsmedizin Berlin, Augustenburger Platz 1, 13353
Berlin, Germany
*These authors share senior authorship.

CHILD NEUROPSYCHOLOGY
2019, VOL. 25, NO. 6, 816–835
https://doi.org/10.1080/09297049.2018.1536200

© 2018 Informa UK Limited, trading as Taylor & Francis Group

http://orcid.org/0000-0002-9768-3383
http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/09297049.2018.1536200&domain=pdf


www.manaraa.com

food and body as well as other noneating disorder behaviors such as order, planning,
and organization. In terms of the possible underpinnings of this behavioral rigidity, an
increasing amount of research has been put into the role of neuropsychological
performance as a mediating factor between underlying neurobiology and psychological
functioning (Kaye, Fudge, & Paulus, 2009, Kidd and Steinglass, 2012).

For adult AN patients, weaknesses in set-shifting and central coherence have been
reported (Lang, Lopez, Stahl, Tchanturia, & Treasure, 2014, Wu et al., 2014). Cognitive
set-shifting refers to the ability to shift between multiple tasks and change behavior in
response to altering rules (Miyake et al., 2000). Weaknesses in central coherence
describe the combination of a more detail-focused approach and poor global integra-
tion (Lang et al., 2014). These cognitive weaknesses tend to persist after weight gain and
are likely to play a role in the vulnerability and maintenance of AN (Danner et al., 2012,
Kanakam, Raoult, Collier, & Treasure, 2013, Shott et al., 2012, Talbot, Hay, Buckett, &
Touyz, 2015, Tenconi et al., 2010). For adolescents with AN, the available data appears
inconsistent and inefficiencies in cognitive functioning seem to be less pronounced than
in adults with AN (Bentz et al., 2017, Kjaersdam Telleus et al., 2015). There are some
findings similar to that of adult AN samples (Allen et al., 2012, Lang et al., 2015,
McAnarney et al., 2011, Tchanturia et al., 2012), whereas other findings suggest
neuropsychological performance comparable to that of healthy controls (Andres-
Perpina et al., 2011, Fitzpatrick, Darcy, Colborn, Gudorf, & Lock, 2012, Kjaersdam
Telleus et al., 2015, Lang, Stahl, Espie, Treasure, & Tchanturia, 2014, van Noort,
Pfeiffer, Ehrlich, Lehmkuhl, & Kappel, 2016).

The assessment of neuropsychological functioning is generally carried out with
standardized tests, most of which were originally developed for use with adult patients
with brain damage. Likewise, inefficiencies in behavioral aspects of executive function-
ing are measured with neuropsychological tests or self-report questionnaires. However,
it is questioned whether the available neuropsychological measures are sensitive enough
to measure inflexible day-to-day behavior in other patient samples and if flexibility in
everyday-life situations is generally quantifiable using standardized tests (Chaytor and
Schmitter-Edgecombe, 2003). The well-structured nature of a neuropsychological
assessment, in which the examiner provides guidance and cueing, may also relieve
the participant of the need to fully exercise executive functioning as is done in real life,
thus making it difficult to assess this competence solely by test performance (Gioia and
Isquith, 2004). Furthermore, most tests assess accuracy and/or response time which
results in global scores that do not allow the isolation of specific domains of executive
functions (Jurado and Rosselli, 2007). In addition to methodological problems, the
question of ecological validity is raised. Ecological validity refers to the degree of
generalizability of an observed behavior in a standardized test environment to natural
behavior in the real world (Schmuckler, 2001). In this regard, it is assumed that poor
performances in test situations will lead to poor performances aside from the test
environment. Yet, there is little evidence that supports this assumption and data
obtained in a laboratory needs to be critically examined when attempting to predict
behaviors outside of a test setting (Sbordone, 1996).

Given these restrictions and aiming at a more accurate clinical assessment, research
has led to the development of relatively new measures, which complement existing
neuropsychological tests and claim an increased level of ecological validity. The
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“Behavior Rating Inventory for Executive Functioning” (BRIEF) (Drechsler and
Steinhausen, 2013, Guy, Isquith, & Gioia, 2004) is one such example which provides
a comprehensive assessment of children’s and adolescents’ performance of executive
functioning in daily life situations. The questionnaire exists in a self- and parental-
report as well as a teacher’s version. The BRIEF has been used in several adolescent
patient samples, such as attention deficit-hyperactivity disorder (ADHD) (Gioia,
Isquith, Guy, & Kenworthy, 2000, Mahone et al., 2002, McCandless and O’Laughlin,
2007), brain injuries (Gioia and Isquith, 2004, Mahone, Zabel, Levey, Verda, &
Kinsman, 2002, Wilson, Donders, & Nguyen, 2011) and psychosis (Niendam,
Horwitz, Bearden, & Cannon, 2007). For AN patients, the data is limited, though recent
studies evaluating cognitive remediation therapy (CRT) for adolescents have increas-
ingly employed the BRIEF in addition to neuropsychological measures (Dahlgren, Lask,
Landro, & Rø, 2014, Giombini, Moynihan, Turco, & Nesbitt, 2016, van Noort, Kraus,
Pfeiffer, Lehmkuhl, & Kappel, 2015). CRT is a novel cognitive training program
specifically tailored to address cognitive inefficiencies seen in AN (Davies and
Tchanturia, 2005, Tchanturia, Lounes, & Holttum, 2014). McAnarney et al. (2011)
found that both AN patients and their parents report more problems on behavioral
and cognitive components of the BRIEF when compared to controls. Dahlgren et al.
(2014) compared patient- and parental-report after receiving CRT and found both
ratings to fall within the normal range before and after CRT, though with only
moderate agreement between the reports. To date, there is only one study examining
the relationship between self- and parental-report of executive functioning and test
performance in adolescents with AN which reports low to moderate correlations (Stedal
and Dahlgren, 2015). This same finding also applies for studies in brain injuries
(Anderson, Anderson, Northam, Jacobs, & Mikiewicz, 2002, Vriezen and Pigott,
2002) and ADHD or associated disorders (Mahone et al., 2002, McAuley, Chen,
Goos, Schachar, & Crosbie, 2010, Toplak, Bucciarelli, Jain, & Tannock, 2009).

Following inconsistent findings of neuropsychological functioning in adolescent
patients with AN and given the moderate correlation between everyday behavior as
rated by the patients and test assessment, the current study aims to elucidate (1) the
relationship between different neuropsychological measures as well as (2) the relation-
ship between neuropsychological measures and patient self-report and (3) parental
report in AN. Additionally, (4) the relationship between patient- and parental-report
findings of executive functioning is explored.

Method

Study design and participants

By using a cross-sectional design, the data collection took place between June 2014 and
December 2016. All participants were patients seeking inpatient treatment at our specia-
lized unit for eating disorders at the Department for Child and Adolescent Psychiatry,
Psychosomatic Medicine and Psychotherapy of the Charité-Universitätsmedizin Berlin.
Inclusion criteria for participation were defined as (1) a current typical AN as outlined in
the 10th edition of the International Classification of Diseases and Related Health
Problems (ICD-10) (Remschmidt, Schmidt, & Poustka, 2006); (2) an age between 11
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and 17.11 years; (3) female gender; and (4) inpatient treatment. Exclusion criteria were a
history of or current substance abuse or dependence and an intelligence quotient (IQ)
below 85. In light of the female-to-male ratio in clinical samples (1:10–12), the current
article focusses solely on the female gender (Currin, Schmidt, Treasure, & Jick, 2005,
Hoek and van Hoeken, 2003). However, it should be acknowledged that males also suffer
from AN.

All female inpatients who were consecutively admitted to our specialized unit and
fulfilled the in- and exclusion criteria were approached for participation within the first
two weeks of treatment. Detailed information about the study and procedure was given
to all patients and their legal guardians and, before participation, written informed
consent was obtained. Ethical approval for this study was obtained from the ethical
committee of the Charité-Universitätsmedizin Berlin, Campus Virchow Klinikum
(EA2/026/11). The patients received no financial compensation.

Assessment

The patients completed an extensive assessment battery, including structured inter-
views, self-report questionnaires and neuropsychological tests, which are described in
the assessment sub-sections below. As comorbidity is common among adolescents with
AN (Bühren et al., 2014, Godart et al., 2007, Jaite, Hoffmann, Glaeske, & Bachmann,
2013), all other general psychiatric axis I-disorders apart from the eating disorder were
taken from the patients’ medical records, which were based on clinical consensus of the
eating disorders specialized team supervised by the senior child and adolescent psy-
chiatrist of the clinic. The body mass index (BMI) was calculated using standardized
techniques (kg/m2). As the 10th BMI-percentile marks the critical body weight thresh-
old for children and adolescents (Holtkamp and Herpertz-Dahlmann, 2005), BMI-
percentiles were also derived (Kromeyer-Hauschild et al., 2001). The assessment was
conducted by two of the authors (LH, BvN) or by trained master’s students under
supervision and took place during the first three weeks of treatment in an acute state of
illness. The assessment was standardized and conducted individually on two consecu-
tive days (one hour each). The parental questionnaires were filled out during the first
three weeks of treatment. To provide information regarding the socioeconomic status
(SES), parental education and their current occupation was used to calculate
Hollingshead four factor index of social status (Hollingshead, 1975). Scores range
from 8 to 66 indicating a low (<15), middle (16–60), or high (>61) status.
Information on the SES allows for a better interpretation and comparability with
other studies. Moreover, SES has been associated with cognitive abilities both directly
and indirectly, for example, developmental opportunities, verbal skills, nutrition (Lezak,
Howieson, Bigler, & Tranel, 2012).

Eating disorder assessment
A current AN diagnosis was confirmed via the ‘Structured Inventory for Anorexic and
Bulimic Eating Disorders for DSM-IV and ICD-10ʹ (SIAB-EX; Fichter and Quadflieg,
1999). As is common in Germany, the ICD-10 diagnoses for AN (F50.00, F50.01) were
used in the current study. The SIAB-EX assesses different eating disorder diagnoses and the
severity of symptoms for the time points � current � (last threemonths) and � past �
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(time up to three months before the interview). High inter-rater reliability (r = .81 (current)
and r = .85 (past)) as well as high internal consistency (α = .93) are reported (Fichter and
Quadflieg, 2001).

Eating disorder psychopathology was measured using the German version of the
‘Eating Disorder Inventory-2’ (EDI-2; Paul and Thiel, 2004). The 91-item questionnaire
uses a 6-point Likert scale and includes 11 subscales and a global score. For the current
study, the global mean score served as an indicator for the severity of eating disorder
symptomatology, with higher scores indicating more psychopathology. Internal con-
sistency lies between α = .73 and .93 (patient sample) and test-retest reliability between
r = .81 and .89. Validity of the EDI-2, that is, content, convergent and discriminant
validity, were all sufficient (Paul and Thiel, 2004).

Neuropsychological assessment
The selection of neuropsychological tests followed evidence from the latest systematic
reviews (Lang et al., 2014, 2014, Wu et al., 2014) and each included two widely used
measures for set-shifting and central coherence, which have been identified as sensitive
in earlier studies with AN. First of all, IQ was assessed by the “Culture Fair Test 20 –
revised” (CFT 20-R; Weiß, 2006), which is a non-verbal test assessing fluid intelligence.
The CFT 20-R includes two analogous parts that each consist of four subtests (sequence
completion, classifications, matrices and topology). The test shows high internal con-
sistency (α between .93 and .95) and good test-retest reliability (r between .80 and .82).
Moreover, its implementation time is short in order to keep the overall testing duration
limited. More common IQ tests with a short duration time, that is, WASI-II, are not
validated and available in German.

Cognitive set-shifting was measured using the ‘Trail Making Test Condition 4ʹ
(TMT-4) of the “Delis and Kaplan Executive Function System” (D-KEFS; Delis,
Kaplan, & Kramer, 2001) and the “Wisconsin Card Sorting Test” (WCST;(Drühe-
Wienholt and Wienholt, 2004, Heaton, Chelune, Kay, & Curtiss, 1993). The TMT-4
is administered using pen and paper and prompts patients to connect a sequence of
numbers and letters in ascending order as quickly as possible (e.g., 1-A-2-B). The time
taken to complete the task is the indicator for set-shifting. Internal consistency ranges
between α = .57 and .81. Reliability (test–retest) was r = .38 over all age groups (8–
80 years). The WCST is a computer-based test that consists of 96 different stimulus
cards (German version), which the patients have to match according to changing rules.
Patients are given feedback after each trial; however, the classification rule (color, shape,
number) changes every ten cards and via implicit learning they must quickly adopt the
new rule. Set-shifting is assessed by the number of perseverative errors (when patients
keep applying the former classification rule). Internal consistency is good and reliability
lies at r = .77 (Drühe-Wienholt and Wienholt, 2004).

Central coherence ability was assessed with the “Rey Complex Figures Test”
(RCFT) (Meyers and Meyers, 1995) and the “Group Embedded Figures Test”
(GEFT) (Witkin, Oltman, Raskin, & Karp, 1971). The RCFT consists of a complex
figure composed of 18 global and local elements and requires the patients to copy
the figure without a time limit. The instructor follows the patients’ drawing process
using a Flowchart-method. The scoring system follows Booth (2006) and evaluates
the order in which the elements are drawn (global or detailed) and the style of the
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drawing (coherent or fragmented). Scoring criteria include the “Order of
Construction Index” (OCI, range 0–3.33), the “Style Index” (SI, range 0–2) and the
overall score “Central Coherence Index” (CCI, range 0–2) that provide information
concerning either a detail oriented or global approach of the task. A higher score on
these three indices resembles more global processing strategies (Booth, 2006). The
GEFT is administered using pen and paper and requires the patients to identify
simple figures that are hidden within a progressively more complicated figure. The
test assesses the ability to disembed certain information from surrounding irrelevant
information. The number of correctly traced figures (range 0–18) serves as an
outcome measure and higher scores indicate more field independence as opposed
to a field dependent approach. The GEFT shows an internal consistency reliability
index of α = .82 (Witkin et al., 1971).

Patient self-report of executive functioning
All patients filled out the German version of the “Behavior Rating Inventory for
Executive Functioning – Self-Report” (BRIEF-SR) (Drechsler and Steinhausen, 2013,
Guy et al., 2004), which is an 80-item questionnaire assessing executive functioning
in everyday-life during the last six months, including daily-life situations at school
and at home. The German version of the BRIEF-SR provides age and gender
corrected norms for children and adolescents between 11 and 16.11 years.
Although six patients were slightly older (maximum 17.8 years), the aforementioned
norms were still applied to allow for a comparison with previously published studies.
The BRIEF-SR consists of eight subscales (inhibit, shift, monitor, emotional control,
working memory, plan/organize, organization of materials, and task completion),
which form two index scores (“Behavioral Regulation Index” (BRI) and
“Metacognition Index” (MI)) which, in turn, form one overall score (“Global
Executive Composite” (GEC)). The subscale “shift” is commonly used as an indicator
of the patient’s flexibility in daily life. The BRIEF-SR offers scaled scores as well as
t-scores. The latter were entered into analyses, with higher scores indicating a higher
level of dysfunction (Drechsler and Steinhausen, 2013). T-scores at or above 65 are
defined as clinically significant. The BRIEF-SR shows good internal consistency (α
between .73 and .96) and good test-retest reliability (r between .78 and .86)
(Drechsler and Steinhausen, 2013).

Parental self-report of executive functioning
The German version of the “Behavior Rating Inventory for Executive Functioning –
Parent Form” (BRIEF-PF) (Gioia et al., 2000) consists of 86 items and aims to provide
information about a child’s everyday behavior related to specific domains of executive
functioning. It is composed of seven subscales similar to the BRIEF-SR (“inhibit,”
“shift,” “monitor,” “emotional control,” “working memory,” “plan/organize,” and
“organization of materials”) with one newly added subscale “initiate” instead of “task
completion.” The global scores are similar to the “BRIEF-SR” (GEC, BRI, MI). The
BRIEF-PF also provides scaled scores and t-scores. Again, t-scores served as the
dependent variable. Internal consistency lies between α = .75 and .89, with α = .95
for the overall score GEC. The reliability as assessed by interrater method lies between
r = .35 and 60 and r = .56 for the GEC.
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Statistical analyses

All analyses were conducted with SPSS 22 applying a statistical significance level of
α = .05. Four extreme outliers (more than 3 standard deviations (SD) from the mean)
were found on the perseverative error of the WCST (boxplot) and were removed from
future analyses. No other extreme outliers were found. The assumption of normality
(Shapiro-Wilk test, p < .05) was satisfied for most scores, except for the CCI and four
subscales of the BRIEF-PF (inhibit, shift, monitor, and working memory). Demographic
and clinical characteristics were described via means (M), SD, minimum and max-
imum. There was no missing data.

To assess the relationship between the different neuropsychological measures (TMT-
4, WCST, RCFT, and GEFT), the neuropsychological tests and ratings on both versions
of the BRIEF as well as the self- and parental-reports, a series of Pearson correlation
coefficients were calculated. Power calculations with the software package G*Power
3.1.9.2 recommend a total sample size of 38 to detect a significant large correlation
(r = .05) with a power of 0.95. To give consideration to the violation of normality,
additional nonparametric correlation coefficients (Kendall´s tau-b, τb) were determined.
As the differences proved insubstantial and to allow for a better comparison with
previous studies, only Pearson’s r is reported. The coefficient ranges between −1 and
+1 and is defined as small (.10–.29), medium (.30–.49), or large (.50–1.0). The compo-
sition of the BRIEF-SR and the BRIEF-PF is mostly comparable; however, there are
three non-overlapping subscales (task completion, monitor, and initiate) that were
omitted in the comparison. Nevertheless, they are still included in the summary scores
(BRI, MI, and GEC). Additionally, paired t-tests were run to compare the magnitude of
differences between the patient and parental scores on the overlapping BRIEF subscales.
Six patients (15% of total patient sample) were older than the maximum age of the
German norms, that is, >16.11 years, but the maximum age norms were applied. To
assess the result of this, the sample was reanalyzed without these six patients, which did
not alter the main findings. Effect sizes (Cohen’s d) were also calculated and reported.

In a final step, a standard multiple regression was conducted to predict self-reported
flexibility (BRIEF-SR subscale “shift” as dependent variable) from the neuropsycholo-
gical tests assessing set-shifting (TMT-4 and WCST as independent variables). To
detect a significant result with a large effect size following two predictors, a sample
size of 48 is recommended. All statistical assumptions for multiple regression, that is,
homoscedasticity of residuals, normal distribution of residuals (P-P plot), multicolli-
nearity (tolerance >0.1, VIF <10), linearity, independence of observations (Durbin-
Watson = 1.591), outliers (<3 SDs), high leverage points (leverage value <.02), and
high influential points (Cook’s distance <1), were met. Due to the explanatory nature of
the study, no corrections for multiple testing were made.

Results

Demographic and clinical characteristics

The clinical characteristics of the final sample (n = 40) are outlined in Table 1. In total,
30 patients (75%) had a restrictive AN and 10 patients (25%) a binge/purge AN
subtype. Twenty-six patients (65%) received inpatient treatment for the first time,
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while 11 patients (27.5%) had their second and three patients (7.5%) their third hospital
stay. Eighteen patients (45%) showed a weight below the first BMI-percentile and three
of these patients (7.5%) received tube feeding during their assessment. Eleven patients
(27.5%) received medication, which was either antidepressants (6 patients, 15%) or
neuroleptics (5 patients, 12.5%). Twenty-three patients (57.5%) had a comorbid psy-
chiatric disorder. Of these, the patients mainly suffered from comorbid depression (18
patients, 78.3%). Three patients (13.1%) had an obsessive-compulsive disorder, one
patient (4.3%) anxiety and one patient (4.3%) posttraumatic stress disorder. The overall
socioeconomic status was 50.2 (SD ± 13.3), indicating a middle status.

Correlational analyses between neuropsychological measures

Pearson’s r revealed small to large correlations between the neuropsychological tests
(see Table 2). Significant medium and large positive correlations were found for the
different indices of the RCFT (SI and OCI, SI and CCI, CCI and OCI) as well as the
GEFT and CCI assessing central coherence. A medium negative correlation was found
for the GEFT and WSCT.

Table 1. Sample characteristics (N = 40).
M ± SD Minimum Maximum

Age (in years) 15.1 ± 1.6 11.3 17.8
BMI (kg/m2) 15.2 ± 1.1 12.4 17.1
BMI-percentile 2.2 ± 3.3 0 10
Duration of illness (in months) 15.0 ± 12.4 3 68
Intelligence (CFT-20-R) 104.5 ± 14.9 85 136
Eating psychopathology
EDI-2 (global score) 304.9 ± 45.1 220 388
TMT-4 (scaled score) 11.2 ± 1.5 8 14
WCST (perseveration error) 5.5 ± 7.7 0 33.3
RCFT – OCI 2.0 ± 0.6 0.7 2.7
RCFT – SI 0.9 ± 0.5 0.2 1.8
RCFT – CCI 1.1 ± 0.3 0.4 1.7
GEFT (raw score) 11.6 ± 4.4 1 18
BRIEF-SRa

Inhibit 47.9 ± 7.5 35 68
Shift 58.1 ± 10.4 38 84
Emotional Control 54.6 ± 10.9 35 81
Working Memory 48.2 ± 9.7 32 71
Plan/Organize 48.9 ± 9.3 36 72
Organization of Materials 47.3 ± 9.2 37 70
BRIEF-PF
Inhibit 45.8 ± 6.7 40 67
Shift 59.1 ± 12.6 37 92
Emotional Control 56.8 ± 10.39 40 77
Working Memory 42.7 ± 6.6 38 61
Plan/Organize 43.2 ± 7.4 36 61
Organization of Materials 44.4 ± 8.6 37 62

Note. BMI = body mass index; CFT-20-R = Culture Fair Intelligence Test-20 revised; EDI-2 = Eating Disorder Inventory 2 raw
global score; TMT-4 = Trail Making Test Condition 4 in scaled scores; WCST = Wisconsin Card Sorting Test; RCFT = Rey
Complex Figures Test; OCI = Order of Construction Index, range 0–3.33; SI = Style Index, range 0–2; CCI = Central
Coherence Index, range 0–2; GEFT = Group Embedded Figures Test, range 0–18. BRIEF-SR, -PF = Behavior Rating
Inventory of Executive Functioning – Self-Report, – Parent Form. All BRIEF scores are age and gender corrected t-scores.
aNorms of the German version of the BRIEF exist for children and adolescents between 11 and 16.11 years, for patients
older than 16.11 years (n = 6), we applied the aforementioned norms as well.
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Correlational analyses between neuropsychological measures and patient self-
report

Results of the correlational analyses between test performance and patient self-report of
executive functioning are shown in Table 3. Pearson’s r revealed small to medium
correlations. Significant medium positive correlations for central coherence were found
for both SI and CCI of the RCFT and the BRIEF-SR global scores MI and GEC as well
as the subscales working memory, plan/organize, and task completion. The GEFT was
significantly positively correlated with the BRIEF-SR subscale “organization of materi-
als.” For set-shifting, the WCST revealed significant medium negative correlations
between the BRIEF-SR global score GEC and the subscales “shift,” “emotional control,”
and “monitor.”

Correlational analyses between neuropsychological measures and parental self-
report

The parental self-report and the adolescent’s test performance revealed mostly small
and few medium associations. Significant correlations were found for set-shifting only,
with the WCST showing medium negative correlations between the BRIEF-PF global
scores BRI, MI and GEC as well as the subscales shift, emotional control, and monitor
(see Table 4).

Correlational analyses between patient and parental self-report

The parental version of the BRIEF was mainly filled out by the patients’ mothers (30
patients, 75%), for nine patients (22.5%) the father and for one patient (2.5%) a close
family member answered the questionnaire. The correlational analyses between the two
self-reports was conducted for the overlapping subscales (“inhibit,” “shift,” “emotional
control,” “working memory,” “plan/organize,” and “organization of materials”) only.
Pearson correlations revealed small to medium and one large correlation for the BRIEF-

Table 2. Pearson correlations between neuropsychological measures.
TMT-4

scaled score
WCST

perseveration error
RCFT
OCI

RCFT
SI

RCFT
CCI

GEFT
raw score

TMT-4
scaled score
WCST
perseveration errora

RCFT
OCI
RCFT
SI

.21 .42**

RCFT
CCI

.22 .79** .86**

GEFT
raw score

.29 −.38* .18 .27 .31*

Note. Pearson´s r is defined as small (.10 to .29), medium (.30 to .49) or large (.50 to 1.0). Correlations below .10 were
omitted from the table to facilitate readability. Significant correlations are marked in bold. TMT-4 = Trail Making Test
Condition 4 in scaled scores; WCST = Wisconsin Card Sorting Test; RCFT = Rey Complex Figures Test; OCI = Order of
Construction Index, range 0–3.33; SI = Style Index, range 0–2; CCI = Central Coherence Index, range 0–2; GEFT = Group
Embedded Figures Test, range 0–18. an = 36.
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SR subscale “working memory” and the BRIEF-PF subscale “plan/organize.” Significant
medium positive correlations were found for the BRIEF-SR subscale “shift” and the
BRIEF-PF subscale “plan/organize”; the same was found for the BRIEF-SR subscale
“working memory” and the BRIEF-PF subscales “plan/organize” and “organization of
materials” as well as the BRIEF-SR subscale “organization of materials” and the
corresponding BRIEF-PF subscale (see Table 5).

Overall, the BRIEF scores of both the patients and their parents fell within the
normal range (t-score < 65) (Drechsler and Steinhausen, 2013). For details see
Table 1. Additionally, conducted paired t-tests revealed a statistically significant mean
difference between the patient and parental rating on the subscales “working memory”
(t(39) = 3.113, p = .003, d = .663) and “plan/organize” (t(39) = 3.570, p = .001, d = .705),
with the adolescents scoring significantly higher than their parents.

Standard multiple regression analyses

A standard multiple regression was run to examine whether day-to-day flexibility
(operationalized via the BRIEF-SR subscale “shift”) can be predicted from neuropsy-
chological performance on the two measures examining flexibility. The TMT-4 (scaled
score) and WCST (perseveration error) were selected as predictors. The regression
model was nonsignificant (F(2,35) = 2.052, p = .145, R2 = .11), indicating that the test
performance accounted for only 11% of the explained variability. In summary, neu-
ropsychological test performance did not significantly predict self-rated flexibility in the
context of everyday-life situations.

Discussion

The present study aimed to address the relationship between different neuropsycholo-
gical measures, as well as the relationship between neuropsychological tests and self-
and parental-report findings of executive functioning in adolescents with acute AN, a
field where more research is needed. In addition, associations between patient and

Table 5. Pearson correlations between patient and parental self-report (N = 40).
BRIEF-PF

Inhibit Shift
Emotional
Control

Working
Memory

Plan/
Organize

Organization
of

Materials

BRIEF-SR Inhibit .14
Shift .16 .31 .29 .35*
Emotional Control .27 .25 .28
Working Memory .22 .14 .53** .39*
Plan/Organize .13 .29 .12
Organization of
Materials

−.27 −.15 .13 .45**

Note. All correlations are based on age and gender corrected t-scores. Pearson´s r is defined as small (.10 to .29), medium
(.30 to .49) or large (.50 to 1.0). Correlations below .10 were omitted from the table to facilitate readability. Significant
correlations are marked in bold. BRIEF-SR, -PF = Behavior Rating Inventory of Executive Functioning – Self-Report, –
Parent Form. The subscales initiate, monitor and task completion as well as the summary scores were omitted, as they do
not overlap in both BRIEF-SR and BRIEF-PF. *Correlation is significant at the .05 level (two-tailed). **Correlation is
significant at the .01 level (two-tailed).
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parental self-report ratings were examined. This study substantiates and extends the
findings from Stedal and Dahlgren (2015), which, to date, is the only study exploring
the relationship between cognitive and behavioral aspects of executive functioning in
adolescent AN.

Overall, our results indicate small to large correlations between the different neu-
ropsychological tests and low to moderate correlations between neuropsychological
performance and everyday-life functioning as rated by the AN patients and their
parents. Concerning the association between patient and parental self-report, our
results also reveal modest agreement. The patients scored significantly higher than
their parents on two subscales, though both ratings fell within the range of the
normative mean and do not speak for clinically significant dysfunction in self- and
parental-reported executive functioning in daily life. Moreover, despite being slightly
underpowered, test performance, that is, assessing flexibility, seems to not predict the
self-rated experience of flexibility in everyday life. In terms of the debate of whether or
not adolescents with AN show inefficiencies in neuropsychological functioning to the
same extent that adult patients do, the integration of our findings is limited, mainly due
to the lack of age and gender corrected norms.

With reference to the mostly small and few large correlations between the different
neuropsychological measures, a possible explanation could be that although two mea-
sures each were used for set-shifting (WSCT, TMT-4) and central coherence (RCFT,
GEFT), these instruments may assess different aspects of the same construct and may
differ in content and complexity (Wu et al., 2014). The WCST, for instance, is often
described as a rather complicated task that involves various cognitive operations, such
as inhibition, problem solving and working memory, besides the target component of
set-shifting (Miyake et al., 2000, Tchanturia et al., 2012). Scoring procedures also differ
with number of errors for the WCST and reaction time for the TMT-4, which might
provide part of the explanation for the low correlations. For central coherence, the
correlations were slightly higher, although the aforementioned limitations also apply.
The medium negative relationship between WCST and GEFT is in line with the
expectations; the ability to flexibly shift attention between different tasks and changing
demands (high levels of set-shifting) is associated with higher scores on the GEFT,
indicative of a more field-independent approach. That is, patients showing a bias
toward detail are better able to restructure tasks and remove distractions as well as
rapidly differentiate between visual stimuli. However, due to the lack of comparable
studies and the small sample size, we are limited in making further interpretations.

In terms of the associations between test results and patient self-report of executive
functioning, our findings reveal significant medium negative associations between
measures of set-shifting (WCST) and several subscales of the BRIEF-SR (see Table 3).
This suggests that more problems in perseverative responding are associated with less
self-rated problems in shifting flexibly from one situation to another (subscale “shift”),
regulating emotional responses (subscale “emotional control”) and being aware of one´s
own effect on others (subscale “monitor”), which seems contrary to the assumptions.
Measures of central coherence (SI and CCI), in contrast, are positively correlated with
other BRIEF-SR subscales. This emphasizes that more global processing strategies and a
tendency to continuity are associated with increased skills in holding information when
completing a task (subscale “working memory”), anticipating future events (subscale
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“plan/organize”) and finishing tasks in a timely fashion (subscale “task completion”),
which is a relationship in the expected direction. For the parental ratings and the test
scores, the correlations are lower than those from the patient self-report. Only the
WCST reveals medium negative associations between the global indices and three
subscales that are in line with the patient ratings (“shift,” “emotional control,” and
“monitor”). The abovementioned low to moderate associations are in accordance with
previous research in children and adolescents with traumatic brain injury (Vriezen and
Pigott, 2002, Wilson et al., 2011), brain disease such as focal frontal lesions or early
treated hydrocephalus(Anderson et al., 2002), ADHD (Barkley, 1991), attention and
learning problems (McAuley et al., 2010), and psychosis (Niendam et al., 2007). With
regard to AN, Stedal and Dahlgren (2015) also found little agreement between neu-
ropsychological measures and self-report of executive functioning. Again, as there is
only little research in patients with AN available, the generalizability of our findings is
limited.

The lack of associations between neuropsychological tests and behavioral ratings
could partly be explained by differences in the conception and operationalization of the
measures. To begin with, these measures assess different aspects of the same underlying
construct, that is, behavioral and cognitive components of executive functioning
(Anderson et al., 2002, Jurado and Rosselli, 2007, Toplak, West, & Stanovich, 2013,
Wilson et al., 2011). While neuropsychological assessment focusses on the underlying
skills, behavioral rating measures assess the application of those skills in real-life
situations, which lead to different results accordingly (McAuley et al., 2010).
Concerning the operationalization, performance-based tests and rating measures also
differ in terms of what outcome is reinforced, that is, the intention to capture an
optimal performance at a specific point of time (with the help of instructions that
maximize the output and the definition of distinct goals) versus the assessment of
typical behavior and difficulties in everyday-life over a longer period of time (Toplak
et al., 2013). Other reasons refer to the development and administration of the mea-
sures, as most neuropsychological tests have not been empirically validated to predict
real-life behavior but to measure the impairment of functions and capacities of the
frontal lobe (Jurado and Rosselli, 2007). As a result, the highly controlled laboratory
setting may not be sensitive enough to capture day-to-day failures. As such, AN patients
may have difficulties in their daily life but function well on assessment measures in a
standardized test environment (Chevignard, Soo, Galvin, Catroppa, & Eren, 2012,
Stedal and Dahlgren, 2015). In line with this, the test setting has only few similarities
with the real world, as distractions are minimized and the patient is given stepwise
instructions (Sbordone, 1996). Following this, the laboratory setting may be unsuitable
to detect everyday impairment that becomes more apparent in complex situations
(Burgess, Alderman, Evans, Emslie, & Wilson, 1998, Gioia and Isquith, 2004). In
addition, the neuropsychological test needs to be precisely tailored to a child’s (dys-)
functioning, as tasks that are either too simple or too complex may not be able to
identify difficulties. This, however, seems questionable, as the majority of measures
were validated in adults and may be more sensible to deficits in this age group than in
adolescents (Vriezen and Pigott, 2002). Performance-based tests also rely on a wide
range of skills that aggravate the isolation of specific processes (Jurado and Rosselli,
2007). Overall, neuropsychological tests and behavioral ratings offer different aspects of
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the same construct and cannot be used as a proxy for each other. With regard to the
assessment of cognitive functioning in adolescents with AN, our findings suggest the
need for a combination of standardized tests with self-reports of executive functioning
as well as the use of multiple informants to ensure a comprehensive view.

The low associations between self- and parental-ratings of executive functioning also
allow for several interpretations. Firstly, the patients and their parents share different
perspectives concerning a certain behavior, as patients have more insight about how
their behavior is motivated and influenced when compared to an observation from the
outside (Anderson et al., 2002). Secondly and referring to attribution theory, parental
ratings may focus more closely on the person, whereas the patient more often refers to
the situation (internal versus external attribution; Parkinson, 2007). Thirdly, differences
in the degree of insight as well as social desirability might have an influence on the
ratings. Fourthly, family stress and parental dysfunction may influence the parent-
adolescent correspondence, for instance due to increased irritation and reduced toler-
ance for the adolescent behavior (Dimler, Natsuaki, Hastings, Zahn-Waxler, & Klimes-
Dougan, 2016, Kolko and Kazdin, 1993). Differences could also occur between the
judgments of the mothers and fathers and their children; available literature points
toward more mother-adolescent-agreement (Seiffge-Krenke and Kollmar, 1998).
However, as these variables have not been thoroughly investigated in the current
study, our results should be interpreted with some caution.

This study shows strengths and weaknesses. To begin with the strengths, the study
examined the association between neuropsychological assessment and rating scales in
adolescent AN, where, to date, little research is available. Beyond that, we evaluated
adolescents between 11 and 17.11 years, representing the age group with the highest AN
incidence rates (Herpertz-Dahlmann, 2015). Our sample also included a well-defined
patient group after an extensive screening process. Moreover, this study includes data
from different measures and sources that are widely used in AN research and add to a
more comprehensive assessment of executive functioning. The BRIEF also counts as
one of the most commonly used rating scales of executive functioning in adolescents.
Weaknesses mainly refer to the lack of a healthy control group, which restricts the
generalizability of our results. The relatively small sample size forms another limitation,
as the results could partly be attributable to a lack of statistical power. The representa-
tiveness of our data is also slightly limited, as German norms of the BRIEF-SR are only
available up to 16.11 years, which did not apply for six patients (15%) who were
marginally older. However, a reanalysis of the data without these six patients did not
lead to different findings. Another limitation for the representativeness of our data is
caused by the fact that no German norms are available for the D-KEFS TMT. Collecting
psychiatric comorbidities solely from the patients’ medical records without a more
structured assessment can be regarded as another limitation. Moreover, the presence
of psychiatric comorbidities in our sample could suggest that the current results are not
specific to AN. However, pure AN is rarely encountered in clinical practice and the rate
of psychiatric comorbidities is high with 47–60% of patients, for example, depression is
diagnosed in 35–39% of cases (Bühren et al., 2014, Jaite et al., 2013).

Another influencing factor that could affect the results is the age range of the sample,
as younger patients might have more problems self-rating their behavior than older
subjects. Similarly, the parental ratings may also differ as parents of younger patients
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may have a closer relationship when compared to older patients who have developed
more independence. The same applies for the duration of illness and the number and
severity of comorbid symptoms, which could result in more self-rated problems in
everyday functioning for both the patients and their parents when bearing in mind that
comorbidity is associated with a higher level of distress and problems in psychosocial
adaptation (Herpertz-Dahlmann et al., 2001). However, these aspects also apply for
comparable studies in clinical samples.

Taken together, the current findings suggest that performance-based and self-
rating measures provide different types of information that are each associated with
advantages and disadvantages. The moderate relationship between the measures
demonstrates that the currently available tests show some kind of ecological validity;
however, the predictive power of a standardized assessment with regard to cognitive
functioning as it appears in the daily-life of adolescents with AN needs to be
questioned and the generalizability of data obtained in a laboratory is limited
(Chaytor and Schmitter-Edgecombe, 2006). Especially for younger patients with
AN, where there are conflicting results in terms of neuropsychological functioning,
to solely rely on performance-based measures is debatable. Nonsignificant test
results also do not rule out possible difficulties in everyday-life functioning and
vice versa. With respect to clinical relevance, the current findings therefore empha-
size the importance of self-ratings measures, preferably from patients and important
others. Consequently, it can be concluded that so far the best approach to accurately
assess cognitive inefficiencies and difficulties in everyday-life functioning in adoles-
cents with AN is a comprehensive assessment that combines data from multiple
measures and sources with the results of standardized tests (Chevignard et al.,
2012).
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