ING'S
OPEN (5 ACCESS College
LONDON

King’s Research Portal

DOI:
10.1002/erv.2851

Document Version
Peer reviewed version

Link to publication record in King's Research Portal

Citation for published version (APA):

Kerr-Gaffney, J., Halls, D., Leppanen, J., & Tchanturia, K. (2021). Exploring neuropsychological and socio-
emotional task performance in anorexia nervosa: A cluster analytic approach. European Eating Disorders
Review. https://doi.org/10.1002/erv.2851

Citing this paper

Please note that where the full-text provided on King's Research Portal is the Author Accepted Manuscript or Post-Print version this may
differ from the final Published version. If citing, it is advised that you check and use the publisher's definitive version for pagination,
volumel/issue, and date of publication details. And where the final published version is provided on the Research Portal, if citing you are
again advised to check the publisher's website for any subsequent corrections.

General rights
Copyright and moral rights for the publications made accessible in the Research Portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognize and abide by the legal requirements associated with these rights.

*Users may download and print one copy of any publication from the Research Portal for the purpose of private study or research.
*You may not further distribute the material or use it for any profit-making activity or commercial gain
*You may freely distribute the URL identifying the publication in the Research Portal

Take down policy
If you believe that this document breaches copyright please contact librarypure@kcl.ac.uk providing details, and we will remove access to
the work immediately and investigate your claim.

Download date: 26. Oct. 2023


https://doi.org/10.1002/erv.2851
https://kclpure.kcl.ac.uk/portal/en/publications/a657f624-e98d-4b55-97d2-4104b05786e3
https://doi.org/10.1002/erv.2851

NEUROPSYCHOLOGICAL AND SOCIO-EMOTIONAL PERFORMANCE IN AN

Exploring neuropsychological and socio-emotional task performance in anorexia nervosa: A

cluster analytic approach

Jess Kerr-Gaffney'*, Daniel Halls!, Jenni Leppanen?, Kate Tchanturia'?®

IKing's College London, Department of Psychological Medicine, Institute of Psychiatry,

Psychology, and Neuroscience, London, United Kingdom

2South London and Maudsley NHS Trust, National Eating Disorders Service, Psychological

Medicine Clinical Academic Group, London, United Kingdom

3Department of Psychology, llia State University, Thbilisi, Georgia

*jess.kerr-gaffney@kcl.ac.uk

Data availability statement

Data are available on request.

Funding

The study was funded by the MRC-MRF Fund (MR/S020381/1; MR/R004595/:1).
Conflict of interest disclosure

The authors have no conflicts of interest to declare.

Ethics approval statement

The study was approved by the London-Surrey Borders Research Ethics Committee

(17/L0/0271).
Patient consent statement

All participants provided written informed consent. In addition, written consent was also
provided by the participant’s legal guardian where participants were under the age of 18.

1


mailto:*jess.kerr-gaffney@kcl.ac.uk

NEUROPSYCHOLOGICAL AND SOCIO-EMOTIONAL PERFORMANCE IN AN

Abstract

Objective: The aim of this study was to characterise heterogeneity in neuropsychological
and socio-emotional task performance in young women with anorexia nervosa (AN) using

hierarchical cluster analysis. Further, we aimed to test whether cognitive profiles were

associated with differences in clinical variables (BMI, illness duration, and age at diagnosis),

psychopathology (eating disorder, autistic symptoms, anxiety, and depression), and

2

functional impairment. Method: set-shifting, central coherence, and theory of mind abilities

were measured in 118 women with acute or remitted AN. A hierarchical cluster analysis
using Ward’s method with a Euclidean distance measure was performed with the
neuropsychological and socio-emotional variables. Differences between clusters were
assessed using ANOVAs. Results: four clusters emerged, with significant differences in
neuropsychological and socio-emotional task performance. There were no significant

differences between clusters in clinical variables, psychopathology, or functional

impairment, however these analyses lacked power due to small cluster sizes. Conclusions:

our results demonstrate significant heterogeneity in cognitive profiles in AN, supporting a
more personalised approach to treatment. Studies in larger samples are required to
establish whether these variables map onto clinically significant differences in aetiology,

clinical presentation, comorbidity patterns, and/or treatment responses.

Keywords: anorexia nervosa; set-shifting; central coherence; theory of mind; cluster analysis
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Introduction

Anorexia nervosa (AN) is a severe psychiatric disorder affecting around 1-2% of females and
less than 0.5% of males (Hoek, 2006). AN becomes chronic in around 20% of cases, and is
associated with one of the highest mortality rates of all psychiatric disorders (Chesney et al.,
2014; Harris & Barraclough, 1998). Despite the severity of the disorder, effective
psychological and pharmacological treatments are lacking. For example, only around 30% of
patients reach recovery at 1 or 2 year follow-up after “gold-standard” psychological
interventions for AN (Byrne et al., 2017; Schmidt et al., 2016). Similarly, evidence regarding
the efficacy of medications such as serotonin reuptake inhibitors and atypical antipsychotics

for AN is poor (Miniati et al., 2016).

Improvements in treatment for AN will depend on advances in understanding the aetiology
of the disorder. Among several genetic, sociocultural, and temperamental factors implicated
in the development of AN, differences in neuropsychological functioning and social
cognition have been identified as potential biomarkers for the disorder (Treasure et al.,
2007; Zhou et al., 2017). For example, difficulties in areas such as set-shifting, weak central
coherence, working memory, decision making, and theory of mind (ToM) have all been
demonstrated in individuals with AN, both in the acute state and after recovery (Fagundo et
al., 2012; Lang et al., 2015; Lindner et al., 2014; Nikendei et al., 2011; Phillipou et al., 2016;
Russell et al., 2009). Difficulties in set-shifting and weak central coherence specifically are
proposed to predispose individuals to developing the disorder, and maintain the illness by
inhibiting flexible behaviour (Treasure & Schmidt, 2013). However, reviews of
neuropsychological and social-cognitive functioning in AN have highlighted mixed findings
across studies, with some reporting no differences in task performance in AN compared to
healthy controls (HCs) (Lang et al., 2014; Lena et al., 2004; Leslie et al., 2020). This likely
reflects the highly heterogenous presentation of AN; difficulties in these domains are not
shown by all or even the majority of individuals (Rose et al., 2012). Thus, while these traits
may not represent biomarkers (i.e., an objectively measured characteristic differentiating
between cases and controls), they may in fact represent stratification biomarkers. These are
characteristics that distinguish between subgroups of individuals with AN, mapping onto
differences in aetiology, clinical presentation, comorbidity patterns, and/or treatment

responses (Loth et al., 2018).
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A potentially useful method for characterising neuro- and social-cognitive heterogeneity in
AN is cluster analysis. A variety of cluster analytic methods are available, but generally,
these methods group the most similar observations in a data set together, resulting in
distinct subgroups (“clusters”). In disorders such as schizophrenia, cluster analysis has been
used to define subgroups of participants based on neuropsychological and social cognition
performance, with studies finding meaningful differences in outcomes and clinical
characteristics (such as positive and negative symptoms) between clusters (Gilbert et al.,
2014; Ohi et al., 2017; Rocca et al., 2016). These studies also find that a sizeable proportion
of those with schizophrenia show no difficulties in performance, highlighting the limitations

of a mean between-group differences approach.

Past research using cluster analysis in those with eating disorders has mostly focussed on
characterising comorbidity (Van Alsten & Duncan, 2020), clinical presentation (Damiano et
al., 2015; Errichiello et al., 2016), or personality types (Claes et al., 2006; Hopwood et al.,
2010), however very few have performed clustering based on neuropsychological or social-
cognitive performance. Most notably, Renwick et al. (2015) included a comprehensive
assessment of neuropsychological and social function as cluster variables, including set-
shifting, central coherence, and ToM tasks. They found three clusters: one with average to
high performance, a second with mixed performance, and a final cluster with poor
performance across measures. Interestingly, 45% of adults with AN fell within the average
to high performance cluster, showing no difficulties across domains, while 17% fell within
the third poor performance cluster. The authors describe this third cluster as “ASD-like”;
showing similar difficulties to those with autism spectrum disorder (ASD). This is in
agreement with previous research showing that around 25% of individuals with AN may also

have comorbid ASD (Kerr-Gaffney et al., 2020; Kinnaird & Tchanturia, 2021).

The aim of the current study was to characterise the neuropsychological and social-cognitive
profile in individuals with AN, using hierarchical cluster analysis. We chose to examine set-
shifting, central coherence, and ToM performance, as difficulties in these domains appear to
be the strongest candidates for biomarkers for AN in comparison to other
neuropsychological and social-cognitive functions (Fuglset, 2019; Holliday et al., 2005;
Kanakam et al., 2013; Kanakam & Treasure, 2013; Tchanturia et al., 2004). Given there is

some evidence to suggest that adolescents with AN may not show the same cognitive
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difficulties as adults (Giannunzio et al., 2018), we included a younger sample (aged 12 to
27), to explore whether we would find similar cluster solutions as in adults (Renwick et al.,
2015). Secondly, we aimed to examine whether cluster membership was related to clinical
characteristics (such as body mass index (BMI), medication use, and illness duration), as well

as eating disorder psychopathology and comorbid psychiatric symptoms.

Methods
Participants

118 participants with a lifetime history of AN were recruited from specialist eating disorder
services, online advertisement, and [INSTITUTION NAME REMOVED FOR BLINDING]
participant recruitment advertisements. All participants were required to be between 12
and 27 years old, right-handed, female, and have no history of serious brain trauma,
learning disability or neurological impairment. Participants were screened using the
Structured Clinical Interview for DSM-5 Disorders, research version (SCID-5-RV) (First et al.,
2015) to ensure they met criteria for current AN (59%) or partial or full remission (41%). No
psychiatric comorbidities were excluded, and 52.5% of participants were taking psychiatric
medication at the time of assessment (35.6% were taking an antidepressant, 13.6% were
taking an antipsychotic, and 3.4% were taking antiepileptic medication). The study was
approved by the [LOCATION REMOVED FOR BLINDING] Research Ethics Committee
(17/L0/0271).

Measures

Participants completed several self-report questionnaires assessing eating disorder and
comorbid psychopathology: the Eating Disorders Examination Questionnaire (EDE-Q)
(Fairburn & Beglin, 1994), the Hospital Anxiety and Depression Scale (HADS) (Zigmond &
Snaith, 1983), and the 10-item Autism Quotient (AQ-10) (Allison et al., 2012). The Work and
Social Adjustment Scale (WSAS) (Mundt et al., 2002) measured functional impairment. IQ
was measured using the National Adult Reading Test (NART) (Nelson & Willison, 1991).
Participants also provided demographic and clinical information, and height and weight
were measured to calculate BMI (height/weight?). All measures and the following

neuropsychological and socio-emotional tasks were taken during a single testing session.
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Neuropsychological and socio-emotional tasks

The Frith-Happé animations were used to measure ToM (Abell et al., 2000). These are a
series of cartoons in which two triangles move around a central open box, sometimes in a
way that implies they are animate and interacting. Three types of animations are included:
random movement (triangles move aimlessly across the screen, occasionally bumping into
one another, but with no apparent social interaction), goal-directed interactions (triangles
interact with one another, for example, chasing or following one another, but with no
mentalising behaviour), and ToM interactions (triangles reacted to each other’s mental
state, for example, by tricking or coaxing each other). The cartoons were presented on a
computer screen, and participants were required to describe aloud what is happening in the
clip. Both an accuracy and a language score ranging from 0 to 2 are derived for each of the
three types of animations. Higher scores indicate more accurate descriptions of the
cartoons (accuracy score) or more use of mental state language (language score). In this
study, only accuracy and language scores from the ToM interactions are used as our ToM

variables in the cluster analysis.

The Wisconsin Card Sorting Test (WCST) computer version (Heaton, 1993) was used to
measure set-shifting abilities. This task involves matching stimulus cards to one of four
category cards (according to colour, number, or shape). The matching rule must be deduced
by trial and error and the feedback received. The number of perseverative errors (as a

proportion of total trials) was used as the set-shifting variable in the cluster analysis.

The Rey-Osterreith Complex Figure test (ROCFT) (Osterrieth, 1944) is a pen and paper task
measuring global processing ability. Participants are required to copy a complex figure, and
their strategy is scored according to whether they use a more global or local processing

style. The central coherence index (CCl) was used in the cluster analysis, with higher scores

indicating better central coherence (Booth, 2006).
Analysis

To control for the effects of age and sex on neuropsychological and socio-emotional
performance, ToM language and accuracy, WCST perseverative errors, and ROCFT CCl were
converted to Z scores, based on those of the control group included in a wider study (Leslie

et al., 2020). Scores are therefore relative to age, sex, and IQ-matched controls,
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demographic information for which is included in the supplementary material. Scores were
also standardised across variables so that higher scores indicate better performance, to aid
interpretation. Additionally, outliers with scores more than +-3 SD were curtailed to +-3 SD,

as extreme values can unduly influence clustering.

A hierarchical cluster analysis using Ward’s method with a Euclidean distance measure was
performed with the four neuropsychological and socio-emotional variables: ToM accuracy,
ToM language, WCST perseverative errors, and ROCFT CCl. Group differences in task
performance, clinical and demographic variables, and psychopathology between clusters
were analysed using one-way ANOVAs with Tukey’s post hoc tests or the Kruskal-Wallis test
for data with non-normally distributed residuals. o was set at <.05 and n?p reflected effect
size (small: 0.01-0.05, medium: 0.06-0.13, large: >0.14). Analyses were conducted in RStudio
V1.3.1093 and SPSS V26.

Results

Demographic and clinical characteristics of the whole sample, as well as the acute and

remitted AN groups separately are displayed in table 1.
[TABLE 1 HERE]

Inspection of the dendrogram and the Elbow method suggested a four cluster solution (see
supplementary material). The agglomerative coefficient was 0.95, suggesting a strong
clustering structure. Figure 1 shows neuropsychological and socio-emotional task
performance across the four clusters. Cluster 1 showed poor performance across ToM and
central coherence, but average set-shifting performance. Cluster 2 was similar, although
participants in this cluster showed above average central coherence. Cluster 3, the smallest
cluster, showed average ToM and central coherence, but very poor set-shifting
performance. Finally, the largest cluster was cluster 4, with participants showing average to

above average performance across domains.
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Figure 1. Mean neuropsychological and socio-cognitive task performance across clusters.

Significant differences in neuropsychological and socio-cognitive variables can be seen

across clusters, with large effect sizes (Table 2).
[TABLE 2 HERE]

Demographic and clinical characteristics of each cluster are shown in Table 3. No significant
differences were found between clusters, with some small effect sizes. This likely reflects

lack of power from small cluster sizes.

[TABLE 3 HERE]

Discussion

This study aimed to characterise profiles of neuropsychological and socio-cognitive task
performance in young women with AN using hierarchical cluster analysis. Our findings
demonstrate that the cognitive profile in AN is highly heterogenous, with four distinct
clusters emerging. A large cluster with average to high performance was identified,
including 42% of participants. This is remarkably similar to previous research in AN (Renwick
et al., 2015), but also in other disorders, such as schizophrenia (Rocca et al., 2016). This
cluster did not significantly differ from the others in regard to clinical characteristics,
psychopathology, or functional impairment. Similarly, we did not find an “ASD-like” cluster
showing difficulties across all domains, as in Renwick et al. (2015). Although cluster 1 bears

some resemblance to this profile (e.g., difficulties in ToM and central coherence),
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participants in this group did not show excessive perseverative errors. Although mean AQ-
10 scores were numerically highest in this cluster compared to the others, this difference
did not reach significance and the effect size was small. These findings will be discussed in

turn.

That almost half of participants showed no difficulties across domains highlights the
importance of exploring cognitive profiles in this way, over a case-control comparison
approach. Previous research has shown significant differences in mean scores between AN
and HC in these domains, with small or medium effect sizes (Lang et al., 2015, 2016).
However, from these studies it is not clear whether the significant p value reflects small
difficulties across most participants with AN, or severe difficulties in a small subgroup. Our
study suggests the latter option may be the case, at least in adolescents and young adults.
Such findings clearly have implications for treatment. Interventions which target difficulties
in central coherence and inflexible behaviour, such as cognitive remediation therapy (CRT),
may be appropriate for certain patients with difficulties in these domains. This could be
assessed on admission to inpatient treatment, for example. More generally, these results
call for a more personalised approach to treatment, tailored to an individual’s cognitive,

social, and other risk and resilience factors.

No significant group differences between clusters in clinical presentation or
psychopathology were found, similar to previous research in AN (Renwick et al., 2015).
There are a few possible explanations for this. One is that the neuropsychological and social
variables studied here are “clinically silent”; meaning that difficulties in these areas do not
manifest as meaningful predictors of illness severity among young people with a relatively
short duration of illness. However, our between-group analyses were quite underpowered
due to small cluster sizes, a significant limitation of the study. Therefore, another possibility
is that cognitive profiles may be associated with subtle differences in clinical presentation,
which may be revealed in studies with much larger sample sizes. It may also be the case that
the cognitive profiles found predict longer term outcomes; future studies would benefit

from employing longitudinal designs to measure outcomes months or years later.

Our results support the notion that neurocognitive and socio-emotional functioning are
altered in AN, even in the early stage of illness. For example, cluster 2, who had a median

iliness duration of 2 years, displayed the poorest ToM abilities compared to the other
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clusters. This would suggest difficulties in these domains are not merely a consequence of
extended period of starvation, and may constitute a risk factor for the illness for some
individuals. In contrast to the previous study in adults with AN by Renwick et al. (2015), we
did not find a cluster with difficulties across all domains. This might suggest some worsening
of neuropsychological and socio-cognitive functioning with increasing age and/or illness
duration. However, our studies are not directly comparable due to some differences in
cluster variables, which likely impacted our results. Nonetheless, cluster analysis provides a
promising approach for characterising heterogeneity in AN, and may be useful in moving

towards a more personalised approach to treatment in this population.
Strengths and limitations

The use of cluster analysis is a significant strength of the study. Previous research examining
neurocognitive and socio-cognitive functioning in AN has almost exclusively used a case-
control between-group differences approach, however this approach can obscure
differences within the AN population. We also included a rather heterogenous sample,
including participants with acute AN who were not attending treatment, inpatients, and
outpatients, as well as those who were in the remitted state. This has the benefit of more
accurately reflecting the general population of people with AN, rather than those that gain
access to specialist treatment. However, our lenient inclusion criteria may also be seen as a
limitation, by introducing additional sources of variability into our analyses. For example,
the inclusion of both acute and remitted participants, as well as medicated and
unmedicated participants likely introduced clinical heterogeneity within clusters, possibly
contributing to the non-significant results between clusters on variables such as BMI and
eating disorder psychopathology. Similarly, we were unable to examine the proportion of
each AN subtype (AN-R and AN-BP), or the presence of diagnosed psychiatric comorbidities,
within each cluster. These factors may affect neuropsychological and socio-cognitive
performance (Tamiya et al., 2018), and therefore should be taken into consideration in

future research.
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Table 1. Mean (SD) demographic and clinical characteristics of the sample.

Acute AN Remitted AN Full sample

(n=70) (n=48) (n=118)

Age (years) 18.73 (3.13) 19.17 (3.50) 18.91 (3.28)
IQ 111.73 (7.73) 111.69 (7.55) 111.70(7.62)
BMI 16.57 (1.50) 20.89 (2.25) 18.34 (2.82)
Age at diagnosis 15.85 (2.77) 15.18 (3.04) 15.56 (2.90)
[liness duration (years)t 3.00 (4.00) 4.00 (3.50) 3.00 (3.00)
% on psychiatric medication 48.6 58.3 52.5
EDE-Qt 3.65 (2.60) 2.93(3.12) 3.44 (2.61)
AQ-10 3.98 (2.38) 3.60(2.12) 3.83(2.27)
HADS anxiety 10.91 (3.48) 9.61 (3.92) 10.36 (3.71)
HADS depression 8.13 (4.55) 6.65 (4.20) 7.51 (4.45)
WSAS 19.11 (10.47) 15.00 (10.36) 17.42 (10.58)

AN: anorexia nervosa; AQ-10: 10-item Autism Quotient; BMI: body mass index; EDE-

Q: eating disorder examination questionnaire; HADS: Hospital Anxiety and

Depression Questionnaire; |Q: intelligence quotient; SD: standard deviation; WSAS:

Work and Social Adjustment Scale

tMedian and IQR

Table 2. Mean (SD) z scores across neuropsychological and socio-cognitive tasks.

2

1 2 3 4 ANOVA p np
(n=23) (n=29) (n=17) (n=49) F
-0.58 -0.76 -0.08 0.39 2475 <.001 .39
ToM accuracy (0.69)%*  (0.47)® (0.83)° (0.62)c
-0.67 -0.96 -0.20 0.67 73.82 <.001 .63
ToM language (0.46)%*  (0.32)* (0.62)°  (0.66)°
-1.30 0.70 0.19 0.25 75.87 <.001 .51
ROCFT CCl (0.420* (0.66)° (0.71)° (0.79)°
WCST perseverative -0.10 0.23 -1.71 0.48 31.97 <.001 .59
errors (0.78)2 (0.58)*  (0.91)¢ (0.42)°

ANOVA: analysis of variance; ROCFT CCl: Rey-Osterreith Complex Figure test Central

Coherence Index; SD: standard deviation; ToM: theory of mind; WCST: Wisconsin Card

Sorting Test

Different superscripts indicate significant differences between groups.
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Table 3. Mean (SD) demographic, clinical, and psychopathological characteristics.

1 2 3 4 Test P n’p
(n=23) (n=29) (n=17) (n=49) statistic
18.43 18.52 19.24 19.24 0.52 .670 .01
Age (years) (3.03) (2.82) (3.58) (3.57)
108.70 110.86 113.66 112.88 1.95 .127 .05
IQ (5.09) (9.52) (8.34) (6.90)
BMI 18.47 17.84 17.74 18.78 0.98 .405 .03
(3.29) (2.76) (1.70)  (2.92)
14.85 15.83 15.69 15.70 0.51 .678 .02
Age at diagnosis (2.58) (2.75) (3.67) (2.85)
[llness duration 3.00 2.00 4.00 4.00 2.71 .439 .00
(years)t (3.50) (4.00) (5.00) (3.75)
% on psychiatric 1.53 .675 .11%
medication 60.9% 51.7% 41.2% 53.1%
3.68 3.35 3.80 2.93 474 192 .02
EDE-Qt (2.34) (3.72) (1.69)  (2.77)
4.55 3.86 4.06 3.36 142 .241 .04
AQ-10 (2.37) (2.17)  (2.16)  (2.29)
11.43 9.89 11.12 9.86 1.24 .300 .03
HADS anxiety (3.46) (3.99) (3.57) (3.66)
8.10 6.46 9.24 7.23 1.57 .200 .04
HADS depression (3.69) (4.19) (5.65) (4.33)
18.00 16.89 20.24 16.40 0.58 .630 .02
WSAS (11.15) (12.23)  (7.24) (10.37)

AQ-10: 10-item Autism Quotient; BMI: body mass index; EDE-Q: eating disorder
examination questionnaire; HADS: Hospital Anxiety and Depression Questionnaire; 1Q:
intelligence quotient; SD: standard deviation; WSAS: Work and Social Adjustment
Scale

Different superscripts indicate significant differences between groups.

tMedian and IQR

Cramer’s V



