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Background: Anorexia nervosa is characterized by high levels of perseveration and inflexibility, which interfere with successful treat-
ments. Dopamine (DA) signalling seems to play a key role in modulating the prefrontal cortex, since both DA deficiency and excess
negatively influence the efficiency of cognitive functions. The present study explores the effect of a functional polymorphism (Val158Met)
in the catechol-O-methyltransferase (COMT) gene on the set-shifting abilities and prefrontal functional connectivity of patients with
anorexia nervosa. Methods: All participants performed the Wisconsin Card Sorting Task, and a subsample underwent resting-state
functional magnetic resonance imaging. Results: We included 166 patients with DSM-IV lifetime anorexia nervosa and 140 healthy
women in our study. Both underweight and weight-recovered patients with anorexia nervosa showed high levels of perseveration, but
only in the underweight group did the Val158Met polymorphism affect cognitive performance, showing the U-shaped curve characteristic
of increased DA signalling in the prefrontal cortex. Underweight patients with anorexia nervosa who are Met homozygotes had signifi-
cantly higher levels of perseveration and increased prefrontal functional connectivity than underweight patients in the other genotype
groups, indicating abnormal regional cortical processing. Limitations: Although our data show that grey matter reduction in starving pa-
tients with anorexia nervosa did not explain our findings, the cross-sectional design of the present study did not allow us to distinguish
between the effects of starvation and those of low estrogen levels. Conclusion: Starvation affects DA release in the prefrontal cortex of
patients with anorexia nervosa with different effects on executive functioning and prefrontal functional connectivity according to the

COMT genotype. This observation has several therapeutic implications that need to be addressed by future studies.

Introduction

Anorexia nervosa is a severe psychiatric illness characterized
by a relentless pursuit of thinness and food avoidance, distor-
tion of body image, and high levels of perseveration and in-
flexibility."” Cognitive inflexibility and set-shifting impair-
ment have been found in women with current and past
anorexia nervosa and also among unaffected sisters of pa-

tients with anorexia nervosa, suggesting that these cognitive
features are putative endophenotypes.*”

A dysregulation in dopaminergic function, particularly in
frontostriatal circuits, has been considered a key factor in ex-
plaining the affective and cognitive alterations observed in pa-
tients with anorexia nervosa."* However, few studies have ex-
plored the role of genes regulating dopaminergic function on
the cognitive characteristics of patients with eating disorders,’
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and to our knowledge none have investigated starving pa-
tients with anorexia nervosa as a separate group. The
Val158Met polymorphism of the catechol-O-methyltransferase
enzyme (COMT) is particularly interesting, because of the critic-
al role it plays in dopamine (DA) metabolism in the prefrontal
cortex (PFC).? It is an S-adenosylmethionine-dependent
methyltransferase enzyme that methylates catecholamines and
catechol estrogens. The Vall58Met polymorphism influences
the thermal stability and activity of COMT,” with DA sig-
nalling probably being enhanced in Met158-carrying com-
pared with Vall58-carrying individuals. Various studies of
both healthy and psychotic patients have shown that the
Val158Met allele has a small but significant influence on pre-
frontal cognitive performance, and Met158-carrying individ-
uals perform better than Val158-carrying individuals.*"

However, DA does not always enhance cognitive perform-
ance." An inverted U-shaped curve characterizes the relation-
ship between DA levels and cognitive performance, and both
reduced and excessive DA activity impair prefrontal func-
tions. These effects may be mediated by the differential effects
of D1 and D2 receptor binding. Tonic stimulation of D1 recep-
tors is associated with stabilization of mental representation in
active memory, whereas phasic D2 receptor binding allows
flexible adjustment of processing and updating of active
memory." Decreased COMT activity in Met carriers leads to
increased DA in the PFC, which diffuses from the synaptic
cleft to activate extrasynaptic D1 receptors (high D1:D2
ratio).**" In contrast, increased COMT activity in Val carriers
limits DA diffusion from the synapse, favouring activation of
intrasynaptic D2 receptors (low D1:D2 ratio). In the former
case, the effects include not only enhanced maintenance of in-
formation, but also great inflexibility; in the latter, participants
are more flexible, but are also more easily distracted."*"

Another reason why the COMT polymorphism is particu-
larly interesting in anorexia nervosa is that it allows us to ex-
plore its effects in women in various conditions of exposure to
estrogens.” Estrogens have an inhibitory effect on COMT
mRNA expression, reducing the effect of COMT enzyme activ-
ity and minimizing the repercussions of the COMT genotype
in women compared with men.” Since estrogen levels decrease
greatly in starvation," underweight patients with anorexia ner-
vosa represent a unique opportunity to analyze the conver-
gence between estrogen levels and the COMT genotype.

The aim of the present study was to explore the influence of
the COMT Vall58Met polymorphism on executive function-
ing and resting-state prefrontal functional connectivity in a
sample of patients with lifetime anorexia nervosa, considering
the effects of weight and menstrual status. We hypothesized
that the starving condition enhances the effects of the COMT
genotype on both executive functioning and PFC functional
connectivity. The role of the COMT polymorphism on brain
function has been further demonstrated by task-related func-
tional magnetic resonance imaging (fMRI) studies, which
have consistently shown greater (and less efficient) prefrontal
activation during working memory tasks among carriers of
the Val allele.” On the contrary, only 1 study has explored the
role of the COMT polymorphism on resting-state functional
connectivity;' this study reported significantly decreased pre-

frontal connectivity within the default mode network in
homozygous Val compared with heterozygous healthy con-
trols,” leading to the hypothesis that COMT-related differ-
ences in DA levels modulate PFC functional connectivity. Re-
cent discoveries concerning brain function have demonstrated
that resting-state spontaneous fluctuations in the blood oxy-
gen level-dependent (BOLD) MRI signals provide unique in-
sights into the organization of intrinsic activity in the human
brain.” Coherent resting-state networks appear to play a fun-
damental role in brain functional organization, although their
correlation with psychopathology remains to be explored.
Available studies in the literature show that resting-state func-
tional connectivity predicts the task-response properties of
brain regions,” identifies an individual’s aptitude for cogni-
tive tasks” and reveals disturbances in their correlation struc-
ture in many psychiatric diseases.”

Methods
Participants

We recruited participants with lifetime anorexia nervosa
from the Eating Disorders Unit of Padova, Italy. Healthy
women within the same age range were recruited from the
general population and among volunteers, as described in
previous studies.”* A description of the samples is given in
Appendix 1, available at cma.ca/jpn. All patients with
anorexia nervosa had to meet DSM-IV criteria for anorexia
nervosa in their lifetime; however, patients could be at differ-
ent stages of their illness at the time of neuropsychological
assessment. To be eligible for participation in the healthy
control group, women had to have no history of eating disor-
ders. All participants gave written informed consent for the
use of data in an anonymous form, and the Ethical Commit-
tee of Padova Hospital approved the study.

A subgroup of participants participated in the resting-state
functional connectivity study. All patients with anorexia ner-
vosa in the subsample had to be underweight and amenorrhoic.
A description of this subsample is provided in Appendix 1.

Clinical assessment

All patients with anorexia nervosa were medically stable at
the time of testing/scanning. Only 5 patients had been admit-
ted to a medical ward at the time of participation, but neuro-
psychological performance and MRI scanning were per-
formed after stabilization of their medical condition and
normalization of electrolyte levels (Appendix 1). In all par-
ticipants (patients and controls), diagnostic interviews were
performed using the eating disorders section of the Struc-
tured Clinical Interview for DSM-IV. Handedness was as-
sessed with the Edinburgh Handedness Inventory.”

Genotype analysis
We extracted genomic DNA from peripheral blood using a

High Pure PCR Template Preparation Kit (Roche Diagnostics
GmbH) or from saliva using Oragene DNA Self-Collection
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kits (DNA Genotek Inc.). The Val'®®Met variant was analyzed
by High Resolution Melt (HRM) on a Rotor-Gene 6000 (Cor-
bett Life Sciences). Details of primers and procedures are re-
ported in Appendix 1.

Neuropsychological assessment

We assessed set-shifting abilities using the Wisconsin Card
Sorting Test” (WCST), as described in our previous study.’ The
global index,* number of perseverative responses and num-
ber of nonperseverative errors were adjusted for age, sex and
educational level, as reported by Laiacona and colleagues.”

Neuroimaging protocol and image processing

Data were collected on a Philips Achieva 1.5 T scanner
equipped for echo-planar imaging. A resting-state fMRI scan
entailed 250 continuous functional volumes (repetition time
[TR] 2009 ms, echo time [TE] 50 ms, flip angle 90°, 21 slices,
matrix 128 x 128, acquisition voxel size 1.8 x 1.8 X 6 mm, acqui-
sition time 8 min, field of view [FOV] 23 cm). We instructed
participants to rest with their eyes closed during the scan. For
spatial normalization and localization, high-resolution
3-dimensional T,-weighted anatomic images were also ac-
quired in a gradient-echo sequence (TR 20 ms, TE 3.78 ms, flip
angle 20°, 160 slices, acquisition voxel size 1 x 0.66 x 0.66 mm,
FOV 21-22 cm). The segmented anatomic images of all partici-
pants were used to obtain voxel-wise probability maps of grey
matter to be used as a nuisance variable in statistical analyses,
as described by Oakes and colleagues.”

Resting-state scans were preprocessed with both Analysis
of Functional Neurolmages (version AFNI_2010_10_19_1028;
http:/ /afni.nimh.nih.gov/afni; National Institute of Mental
Health) and FMRIB Software Library (FSL version 4.1.6;
http:/ /www.fmrib.ox.ac.uk; FMRIB Centre). Preprocessing
was performed as described by Biswal and colleagues® and
at www.nitrc.org/projects/fcon_1000. Details of preprocess-
ing and processing are described in Appendix 1. We used a
high-pass filter setting of 200 seconds (< 0.005 Hz) to reduce
very low-frequency artifacts, such as scanner draft, and a
low-pass filter to remove any components in the high-
frequency spectrum (> 0.1 Hz).

We used a seed voxel correlation approach to explore func-
tional connectivity in the PFC. We selected 3 bilateral spher-
ical seeds (diameter 12 mm) representing, first, the dorsolat-
eral PFC” (DLPFC; Montreal Neurological Institute [MNI]
space x, y, z = +36, 27, 29), second, the ventrolateral PFC*
(VIPFC; MNI space x, y, z = +47, 26, 15), and third, the ventro-
medial PFC* (vmPFC; MNI space x, y, z = -6, 50, -9 and 7, 54,
-9). We removed nuisance signals by multiple regression be-
fore performing functional connectivity analyses. Time series
were averaged across all voxels in the seed region of interest
(ROI) and then, for each participant, we determined the cor-
relation between the time series of the seed ROI and that of
each voxel in the brain. Last, correlation maps were con-
verted to z value maps. We used the resulting standardized
maps for group comparisons and correlations, with age and
hand lateralization as nuisance variables. Nonparametric per-

mutation testing (5000 permutations) was used for statistical
analysis of spatial maps by means of threshold-free cluster
enhancement” and multiple comparison correction across
space, thresholding at p < 0.05. Graph data were obtained by
extracting the average z value in the area of interest for any
individual map and by managing the data using PASW Sta-
tistics version 18.0 (SPSS Inc.).

Statistical analysis

All variables were tested for normality. The performance in-
dices of the WCST were not normally distributed, and we
used a natural log-transformation to normalize these vari-
ables. To account for multiple comparisons (3 variables,
3 groups, 3 genotypes), we considered results to be signifi-
cant at p < 0.0018. We used the Spearman rho to test correla-
tions among variables and the y? test to analyze genotype dif-
ferences. The clinical and neuropsychological characteristics
of participants were compared by carrying out between-
group t tests or 1-way analysis of variance using PASW Sta-
tistics version 18.0 (SPSS Inc.).

Results
Participants

We included 166 patients with lifetime anorexia nervosa and
140 healthy controls in our study. All participants were white
women. In the anorexia nervosa group, the mean age at assess-
ment was 25.0 (standard deviation [SD] 6.9) years, and the
mean level of education was 14.0 (SD 2.8) years. All patients
met DSM-IV criteria for lifetime anorexia nervosa; however, at
the time of assessment, they were at different stages of illness:
73 were acutely underweight (mean body mass index [BMI]
15.9 [SD 1.4], range 9.9-17; 58 were amenorrhoic, 5 were taking
oral contraceptives, 10 had recovered menses) and 93 were
weight-recovered (mean BMI 20.2 [SD 2.6], range 18-36; 16
were still amenorrhoic, 12 were taking oral contraceptives, 66
had regular menses). In the control group, the mean age at as-
sessment was 27.2 (SD 4.8) years, and the mean level of educa-
tion was 16.0 (SD 2.4) years. Forty women in the control group
were taking oral contraceptives at the time of assessment.

Our subgroup analysis involved 63 participants (33 patients
with anorexia nervosa, 30 healthy controls) participating in
the resting-state functional connectivity study. In this subsam-
ple, all patients with anorexia nervosa were underweight
(mean BMI 15.8 [SD 1.9], range 10.4-17.5) and amenorrhoic.

Genotype distribution

Genotype distribution was very similar in patients and con-
trols (x% = 0.50, p = 0.78) and was consistent with expectations
based on the Hardy-Weinberg equilibrium (Appendix 1).
Set-shifting impairment

Patients with anorexia nervosa performed significantly
worse than healthy controls on the WCST (p < 0.001 for both
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perseverative and nonperseverative errors; Appendix 1,
Table S1). No differences emerged between underweight and
weight-recovered patients, patients with amenorrhea and
those with regular menses, or patients with a restrictive phe-
notype and those with bingeing/purging behaviour. Correla-
tions between WCST performance and clinical variables are
described in Appendix 1, Table S2. In women with anorexia
nervosa, no correlation emerged between WCST perform-
ance and age at onset of illness, illness duration, hand lateral-
ization or BMI. In both groups, WCST scores showed a nega-
tive correlation with educational levels (better performance
correlated with higher education). In healthy women, there
was a trend toward a positive correlation between WCST and
BMI (better performance correlated with lower BMI).

Set-shifting impairment according to the COMT genotype

Given the effects of estrogens on COMT expression, we first
explored the differences in WCST performance between par-
ticipants who were taking oral contraceptives and those who
were not in the different genotype groups (Appendix 1,
Fig. S1). We found significant differences in the anorexia ner-
vosa, but not in the control group. For this reason, we did not
include patients with anorexia nervosa taking oral contracep-
tives in subsequent analyses. No significant differences on
the WCST were found between patients with anorexia ner-
vosa with and without amenorrhea in any of the genotype
groups (Appendix 1, Fig. S2).

No differences in the performance on the WCST emerged
between the 3 COMT genotypes in the anorexia nervosa sam-
ple or among healthy controls (Table 1). However, the differ-
ence between patients and controls increased with the num-
ber of Met alleles; the difference was not significant in

Val-Val carriers (global WCST p = 0.05), showed a trend to-
ward significance in heterozygotes (global WCST p = 0.021)
and was highly significant in Met-Met carriers (global WCST
p =0.001).

Set-shifting impairment according to the COMT genotype
and weight status

Table 1 shows the number of perseverative responses and
nonperseverative errors on the WCST in participants with
low BMI (< 18), weight-recovered patients and controls. In
post hoc analyses, no significant differences were found be-
tween underweight and weight-recovered patients with
anorexia nervosa in any genotype group. However, in the
underweight anorexia nervosa sample, but not in weight-
recovered patients, heterozygotes showed a trend toward
better performance than both homozygotes in the mean
number of perseverative responses (12.7 [SD 9.2] v. 21.7 [SD
17.5], t = 2.16, p = 0.034), with the results showing a typical
U-shaped curve. Similar performances, though nonsignifi-
cant, have been found for nonperseverative errors (p = 0.16).

Exclusion of left-handed participants and of those who
were taking antidepressants did not affect any of the signifi-
cant findings.

Prefrontal functional connectivity

Patients with anorexia nervosa and controls who also partici-
pated in the fMRI study did not differ in genotype distribu-
tion (healthy women xzz = 3.45, p = 0.18; women with
anorexia nervosa y2, = 1.58, p = 0.45) or WCST performance
(global WCST healthy women ¢ = 0.59, p = 0.56; women with
anorexia nervosa t = 0.82, p = 0.41) compared with the other

Table 1: Wisconsin Card Sorting Task performance in patients with lifetime anorexia nervosa and
in healthy control women according to weight status and COMT genotype

Group; mean (SD) raw score*

Genotype; WCST measure Underweightt Weight-restoredt Control FoeF p valuet
Met-Met
No. 16 15 34
Global score 70.0 (39.0) 48.6 (39.3) 34.2 (30.9) 7.91 0.001§
Perseverative responses 27.6 (19.1) 17.6 (17.1) 11.5 (10.0) 8.59 0.001§
Nonperseverative responses 20.8 (16.5) 141 (9.6) 11.1 (10.0) 4.84 0.011§
Val-Met
No. 30 47 68
Global score 42.2 (34.9) 50.7 (32.1) 37.2 (29.6) 3.19 0.04
Perseverative responses 127 (9.2) 17.4 (12.6) 13.1 (11.3) 3.08 0.05
Nonperseverative responses 14.3 (15.2) 15.2 (11.0) 11.0 (8.8) 2.23 0.11
Val-Val
No. 22 19 38
Global score 51.1 (35.2) 53.6 (34.9) 40.7 (31.8) 1.90 0.16
Perseverative responses 17.4 (15.4) 17.2 (14.9) 13.9 (11.8) 1.123 0.33
Nonperseverative responses 16.1 (12.0) 16.0 (11.4) 12.7 (12.3) 1.512 0.23

COMT = catechol-O-methyltransferase; SD = standard deviation; WCST = Wisconsin Card Sorting Task.”

*Unless otherwise indicated.

tPatients with anorexia nervosa who were taking oral contraceptives were excluded.

TWCST scores adjusted for age and education were used for statistical analysis after logarithmic transformation. To account for
multiple comparisons, results were considered to be significant at p < 0.0018.

§Post hoc underweight anorexia nervosa > control.
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participants. Analyses of the functional connectivity of the
3 pairs of seeds (DLPFC, vimPFC and vIPFC) did not reveal
any significant differences between patients with anorexia
nervosa and healthy women. In both patients and controls,
we then performed group comparisons between Val allele
carriers and Met-Met carriers, and between Val-Val carriers
and Met allele carriers. No significant differences were found
between genotypes in healthy women. In the anorexia ner-
vosa group, several significant differences in the Met-Met
group were found in comparison with Val carriers. The Met-
Met group displayed significantly higher positive coactiva-
tion for the DLPFC and vmmPFC seeds (Figs. 1 and 2) and sig-
nificantly lower negative coactivation for the DLPFC, vmPFC
and VIPFC (Appendix 1, Figs. S1-S4). Exploring how much
the COMT effects differ between groups (i.e., testing the ef-
fect x group interaction), we found a significant interaction
only for the functional connectivity of the vmPFC seed (Fig. 2
for positive connectivity and Appendix 1, Figs. S1-54 for
negative connectivity). No significant difference emerged in
the comparison between Met carriers and the Val-Val group.

All group differences remained statistically significant
even after including grey matter probability maps as a nui-
sance variable to control for brain atrophy. In addition, no
significant correlations emerged between functional connec-
tivity of the 3 pairs of seeds and grey matter probabilities,
antidepressant treatment, depressive or anxiety symptoms,
duration of illness, BMI at the time of scanning, or the hydra-
tion index obtained by bioelectrical impedence analysis in a
subgroup of patients with anorexia nervosa. Exclusion of left-
handed participants or those who were taking antidepres-
sants did not affect any of the significant findings.

Discussion
We found evidence that the COMT genotype affects both ex-

ecutive performance, in terms of inflexibility, and PFC func-
tional connectivity in starving patients with anorexia nervosa.

TFCE corrected p value

- 00001

Underweight Met homozygous patients with anorexia ner-
vosa displayed the highest levels of perseveration, whereas
among healthy women in our study and in the literature,*”
this genotype was associated with the best performance on
the WCST (Table 1). Cognitive performance measured by the
WCST in the underweight women with anorexia nervosa was
consistent with the U-shaped curve as the effect of the COMT
polymorphism, as previously observed in situations charac-
terized by increased PFC dopaminergic activity.** There is
growing evidence of a dysfunction of dopaminergic systems
in patients with anorexia nervosa,"” although published data
mainly refer to subcortical functioning. Patients with anorexia
nervosa display increased D2 /D3 receptor binding in the ven-
tral striatum, alteration of reward-related processes, reduced
cerebrospinal fluid concentrations of the DA metabolite
homovanillic acid, and altered growth hormone response to
apomorphine stimulation.” However, the effects of the COMT
genotype are usually appreciable only on PFC function, prob-
ably because of the presence of more efficient DA transporters
in subcortical areas.” Decreased motivation, compulsive exer-
cising and loss of appetitive responses are considered to be a
consequence of dopaminergic dysfunction, although the bio-
logical mechanisms underlying these symptoms are not clear.
Some form of DA dysregulation occurs in both the acute stage
of anorexia nervosa®” and in patients who have recovered
from the illness,** but clinical characteristics, such as low mo-
tivation and compulsive exercise, typically tend to exacerbate
with weight loss.

In contrast with previous studies that investigated mainly
subcortical functions, our findings on WCST performance are
consistent with excessive DA signalling in the PFC of under-
weight patients with anorexia nervosa. Generally, exposure
to both acute and chronic stress increases DA release in the
PFC*¥ together with activation of the hypothalamic-
pituitary—adrenal axis.” In these situations, interruption of
top—down control mechanisms by the PFC and a shift to
bottom—up control by the sensory cortices and subcortical

Anorexia
1.0
c
©
© 05
€
g ;
3 0.0
g o I - -
N
—0.5
Met-Met Met-Val Val-Val
Genotype

Fig. 1: Seed-based analysis for the dorsolateral prefrontal cortex, comparing effects of the catechol-O-methyltransferase enzyme (COMT)
genotype in patients with anorexia nervosa and healthy controls. The figure shows area of significant difference (p < 0.05, TFCE-corrected)
between the Met-Met genotype and Val carriers in the anorexia nervosa group (Met-Met > Val); peak: 15, 39, 36 (Brodmann area 32). The
graph shows average coactivation (z score) according to the COMT genotype in patients with anorexia nervosa. No significant effect was
found in healthy controls. Analyses were by nonparametric permutation test, with age, education and hand lateralization as covariates.
TFCE = threshold-free cluster enhancement.
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structures have been observed.” This results in impairment
on tasks that require PFC operations (flexible thinking, error
monitoring), whereas mental functions relying on basal gan-
glia circuits are spared or enhanced (fear conditioning and
habits). Starving patients with anorexia nervosa show alter-
ations of the hypothalamic—pituitary—adrenal axis that are
characteristic of stress,” and their clinical symptoms clearly
reflect a dysfunction of top—down control, showing impaired
executive functioning, high levels of inflexibility, harm avoid-
ance and compulsive behaviour. In the starving condition, it
is impossible to distinguish the effects of starvation from
those of estrogen deficiency, but in our patients, both factors
probably contributed to our findings. Low levels of estro-
gens, like those observed in underweight women with
anorexia nervosa, fail to exert their well-known inhibitory ef-
fects on COMT activity and, for this reason, patients with
anorexia nervosa who were taking oral contraceptives
showed important differences in the effects of the COMT
genotype on WCST performance (Appendix 1, Fig. S1).

In comparisons between patients with anorexia nervosa
and healthy women, we also observed an effect of the COMT
polymorphism on PFC functional connectivity at rest. We

TFCE corrected p value

N 0.0001

TFCE corrected p value

[ ©.0001

found significantly greater coactivation in Met-homozygous
patients than in Val carriers with anorexia nervosa in the con-
nectivity of the dorsolateral and ventromedial PFC, together
with a significant group interaction with respect to the func-
tional connectivity of ventromedial prefrontal seeds, indicat-
ing effects in the opposite direction in patients and controls.
Brain areas with significantly different functional connectivity
in homozygous Met patients are involved in important as-
pects of cognitive functioning, such as conflict and error mon-
itoring, reward-based learning and decision-making.

Previous literature on the resting-state in healthy partici-
pants reports increased prefrontal connectivity within the de-
fault mode network in Met carriers compared with homozy-
gous Val carriers.” Liu and colleagues™ hypothesized that
decreased prefrontal functional connectivity was linked to
lower DA levels associated with the Val variant, which is also
the cause of poor cognitive performance in this group. Our
data match those of Liu and colleagues in that the Met variant,
which is associated with greater DA availability and greater
tonic stimulation of D1 receptors, is linked to higher levels of
functional connectivity within the PFC. However, in our
study, this was true only in the anorexia nervosa sample, and
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Fig. 2: Seed-based analysis for the ventromedial prefrontal cortex comparing effects of the catechol-O-methyltransferase enzyme (COMT) geno-
type in patients with anorexia nervosa and healthy controls. (A) Area of significant genotype x group interaction; peaks: 9, 39, —18 (Brodmann
area [BA] 11) and 36, 0, —42 (BA 36). (B) Area of significant difference (p < 0.05, TFCE-corrected) between Met-Met genotype and Val carriers
in the anorexia nervosa group (Met-Met > Val); peaks: —6, 45, —18 (BA 11) and 33, -3, —48 (BA 20). Graphs show average coactivation
(z score) according to the COMT genotype in patients with anorexia nervosa and healthy controls for the brain areas shown in panel B. No sig-
nificant effect was found in healthy controls. Analyses were by nonparametric permutation test, with age, education and hand lateralization as
covariates. TFCE = threshold-free cluster enhancement.
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the effect was only evident in the homozygous Met group. Dif-
ferences between our study and that by Liu and colleagues
may explain the discrepancies, since the latter sample did not
include homozygous Met participants and included both
sexes. In addition, the convergent effects of starvation, low es-
trogen levels and the COMT genotype effects explain both the
impairment in executive performance and the increased func-
tional connectivity observed in underweight patients with
anorexia nervosa who were homozygous Met carriers. The
lack of effect of the COMT genotype in healthy women in our
sample is in line both with our neuropsychological findings
and those in the literature, which failed to find any effects
of this polymorphism on cognitive functioning in healthy
women.” It is possible, however, that a study including infor-
mation about the timing of the menstrual cycle in healthy
women would be more informative on this point.”

In the present study, both types of assessment, cognitive
abilities and functional MRI, provide evidence of increased
DA signalling in the PFC of starving patients with anorexia
nervosa. In these patients, the COMT genotype has a signifi-
cant influence on both executive functioning and brain func-
tional connectivity. The lack of these COMT effects in weight-
recovered patients leads to the hypothesis that starvation
affects DA release in the PFC with COMT-mediated conse-
quences that are more evident in the absence of the protective
inhibitory effect of estrogens.

Limitations

The present study has important limitations that should be
taken into consideration. Patients with anorexia nervosa are
malnourished, and their brain atrophy or dehydration may
hamper or bias the detection of differences in BOLD signals
compared with healthy controls. To check for this possibility,
we performed additional analyses with probability maps of
grey matter (a measure of brain atrophy) as nuisance vari-
ables,” and we collected data on dehydration in a subgroup
of participants (Appendix 1) and studied the effects of BMI
and weight loss on the significance of our contrasts. Longitud-
inal studies are required to verify our hypotheses and to test
the effects of weight gain and menses resumption. To en-
hance the meaning and importance of our results, it could be
interesting to compare underweight and weight-recovered
patients with anorexia nervosa with a group of women
showing constitutional thinness (i.e., underweight partici-
pants with regular menses). This further group of probands
could be useful to discriminate between the effects of starva-
tion and those related to low estrogen levels. Last, both
neuropsychological assessment and resting-state functional
connectivity showed high levels of individual variability,
leading to the hypothesis that other factors are implicated in
the manifestation of these phenotypes.

Conclusion
Although they require confirmation, our findings have impor-

tant implications for treatment. Cognitive inflexibility may in-
fluence treatment compliance, and the associated features of

aberrant reward mechanisms** and low motivation lead to
resistance to available treatment. Our study indicates that the
various genotypes might respond in different ways to treat-
ment. Homozygous Met carriers with anorexia nervosa have
not only high levels of inflexibility, but also the potential for
improving them after weight gain. Conversely, patients with
anorexia nervosa who are Val carriers may require additional
specific treatment, such as cognitive remediation therapy." To
our knowledge, the cognitive effect of treatment with estro-
gens (or tolcapone, another inhibitor of the COMT enzyme)
has never been tested in patients with anorexia nervosa, but
such treatment may be helpful in improving cognitive per-
formance, especially in Val-Val carriers.”" Our observation of
an improved performance in Met-Met carriers with anorexia
nervosa who were taking oral contraceptives (Appendix 1,
Fig. S1) was unexpected and, although based on only 4 pa-
tients, needs to be replicated. In addition, observations from
the field of schizophrenia research®” indicate that treatment
with atypical antipsychotics® may have different indications
or doses in different COMT genotype groups.

By providing evidence of the convergent effect of the
COMT genotype, starvation and low estrogen levels on DA
signalling in the PFC and executive performance of patients
with anorexia nervosa, our study emphasizes the importance
of integrating various types of knowledge to explain the com-
plexity of the clinical manifestations of anorexia nervosa.* The
therapeutic implications of our observations need to be tested
in future studies.
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