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Abstract
Purpose To explore electroencephalographic (EEG) alterations in young women with different eating disorder (ED) psy-
chopathology levels.
Methods Thirty-seven young women completed general and ED psychopathology (i.e., the ED Examination Questionnaire; 
EDE-Q) measures. EEG power spectra data were investigated in two conditions: (a) 5 min of resting state (RS) and (b) 5 
min of RS after a single taste of a milkshake (ML-RS). EEG analyses were performed using exact Low-Resolution Electro-
magnetic Tomography software (eLORETA).
Results Cluster analysis performed on the EDE-Q responses revealed a group of 17 women with high levels of ED pathol-
ogy falling into the subclinical (i.e., sub-threshold) EDs category and a group of 20 women with low levels of ED pathology 
(controls). In the RS conditions, no significant modifications were observed between groups. Compared to controls, women 
with subclinical EDs showed an increase in theta activity in the parieto-occipital areas in the ML-RS condition. After con-
trolling for body mass index and general psychopathology, theta activity in these brain structures was positively associated 
with EDE-Q global and subscale (restraint, shape and weight concern) scores.
Conclusions Our results may reflect the neurophysiological substrate of ED psychopathology core features like shape/weight 
concerns. Previous brain imaging and qEEG studies with full-syndrome ED patients also underscored the involvement of 
parieto-occipital areas in ED pathophysiology. These studies also found brain alterations in the RS condition, not observed 
here. This is notable given that full-syndrome and subclinical EDs are considered as different manifestations of the same 
disease along a severity spectrum.
Level of evidence Level V, cross-sectional, electroencephalographic, descriptive study.

Keywords Quantitative electroencephalography · eLORETA · Women · Eating pathology

Introduction

Eating disorders (EDs), characterized by disturbances 
in eating patterns and body image, are debilitating and 
often chronic, relapsing disorders that tend to affect 
young women [1–5]. They are associated with medical 

complications and psychiatric comorbidity and have an 
impact in terms of health-related quality of life and even 
mortality [2, 6–10]. Recent representative American, 
European and Australian data reveal that around 13% of 
females experience a full-syndrome or subclinical (i.e., 
sub-threshold) ED by young adulthood [1, 2, 11]. Disor-
dered eating behaviors (i.e., binge eating and unhealthy 
weight-control practices) and associated cognitions (i.e., 
concerns about shape and weight) are also common issues 
in female community-based samples [12, 13]. Further-
more, subclinical EDs, which are prevalent in adolescent 
girls and young (e.g., college-aged) women [1, 2, 11, 14], 
are associated with a similar degree of emotional distress 
and functional impairment just like full-syndrome EDs [1, 
2, 11, 15, 16]. This picture underscores the necessity for 
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early prevention and intervention [5]. Despite the strides 
made in ED prevention and treatment, there is still need for 
faster, better and lasting improvements in the management 
of ED pathology, which critically depends on improved 
understanding of underlying disease mechanisms [3, 5, 
17].

Over the past decades, brain imaging techniques have 
been consistently used to elucidate mechanisms related to 
ED pathophysiology [18] with a great deal of research with 
full-syndrome ED patients revealing several structural and 
functional alterations in different brain areas (e.g., prefron-
tal cortex, the limbic system, somatosensory cortex, pari-
eto-occipital areas) during task-related (e.g., food or body 
image) stimuli and resting-state (RS) condition [18–23].

On the other hand, an increasing number of studies with 
full-syndrome ED patients (summarized below) have used 
electroencephalographic (EEG) measurements, which have 
become popular in the ED field for a variety of reasons [24, 
25]. Briefly, quantitative EEG (qEEG) data (i.e., numeri-
cal computations of parameters from the EEG) offer a use-
ful source of information for both clinicians and scholars, 
determining spatial structures and localizing areas with brain 
activity or abnormalities [26, 27] with better spatial resolu-
tion compared to the traditional EEG [28]. Measures, such as 
EEG power spectra that offer better validity than visual scor-
ing [29],] can easily be used to investigate neurophysiologi-
cal alterations in groups of patients in different conditions 
[24, 25]. EEG time-series data have the important advantage 
of a high time resolution, assessing real-time brain electrical 
activity across a wider frequency range [30, 31] and in a nat-
ural, painless and minimally intrusive way [31, 32]. Further-
more, qEEG has superior temporal resolution compared with 
traditional (e.g., functional) brain imaging techniques [33]; 
it is suitable for examining the temporal dynamics of resting 
states and their influence on stimulus processing [34]; and 
it can offer new insights into ED research [33]. Although 
qEEG may suffer from the problem of volume conduction or 
common sources [35], specific algorithms for the identifica-
tion of signal sources can address this issue [36].

Previous EEG studies clinical samples showed several 
neurophysiological abnormalities (e.g., elevated theta in 
parietal–occipital regions and increased beta activity in 
fronto-central areas) during task-related (e.g., food) stimuli 
[24, 25, 33]. However, up to date, investigation of qEEG 
alterations in people with high levels of ED pathology who 
do not fall into the full-syndrome EDs category is still an 
underdeveloped research area. All EEG studies conducted 
so far have focused on full-syndrome EDs [24, 25, 33] leav-
ing an important gap in our knowledge on the neurophysi-
ological bases underlying subclinical (i.e., sub-threshold) 
EDs. This is of particular interest, given the on-going debate 
about whether full-syndrome and subclinical EDs should 
be considered as different diagnostic entities or different 

manifestations of the same disease along a severity spec-
trum [16].

Therefore, extending previous qEEG research, this study 
explored EEG power spectra modifications in young women 
with high levels of ED pathology falling into the subclinical 
EDs category (see “Methods” and “Results” sections) and 
young women with low levels of ED pathology (controls) 
recruited from the community, using exact Low-Resolution 
Electromagnetic Tomography (eLORETA) software [36], 
i.e., a validated tool for localizing electrical activity in the 
brain based on multichannel surface EEG recordings. EEG 
power spectra data were investigated in two conditions: (a) 5 
min of RS (RS condition) and (b) 5 min of RS after a single 
taste of a chocolate milkshake (ML-RS condition).

Methods

Participants

Participants were recruited through flyers posted around a 
university campus (European University of Rome). Enrol-
ment lasted from January to October 2017. Inclusion crite-
ria were: 18–30 years of age, female gender, ability to give 
informed consent, and fluency in Italian. Self-reported food 
allergy to or dislike of chocolate milkshake (see “RS and 
ML-RS procedure”, below), right handedness (i.e., a lateral-
ity quotient > of 60 on the Edinburgh Handedness Inventory 
[37]), past or current diagnosis of any psychiatric disease 
(based on screening questions [38, 39]), including full-syn-
drome diagnosis of EDs (e.g., “Have you ever had anorexia 
nervosa, bulimia nervosa or binge eating disorder?”), life-
time history of neurologic disease or head trauma (based 
on screening questions [38]), and psychoactive medications 
in the past 2 weeks prior to the EEG recordings (based on 
screening questions [38]) were exclusionary.

Forty-nine respondents were assessed for eligibility. 
Thirty-seven young women (mean age: 22.38 ± 2.18 years) 
fulfilled the eligibility criteria and voluntarily participated 
in this study. Participants had a mean body mass index 
(BMI = kg/m2) of 21.63 (± 3.34) and described themselves 
as Caucasian (100%). All participants received informa-
tion about the purpose of the study and provided written 
informed consent on taking part in it, provided in compli-
ance with the Helsinki Declaration of 1975, as revised in 
2008, and approved by the European University’s ethics 
review board.

Instruments

In addition to providing socio-demographic information and 
weight and height (to calculate their BMI), all participants 
completed the following standardized instruments (with 
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well-established psychometric properties among Italian 
community-based and clinical samples) before initiation of 
the EEG recording and related (RS and ML-RS) procedures 
detailed below.

ED examination questionnaire [EDE‑Q; 40]

This was developed as a self-report questionnaire version of 
the (gold standard) ED Examination interview and is widely 
used in research and clinical settings worldwide [39, 41]. In 
addition to providing frequency data on binge eating epi-
sodes and inappropriate weight compensatory behaviors, the 
EDE-Q measures the core features of ED pathology over the 
preceding 28 days. These features are assessed through 22 
items, rated on a seven-point forced choice format (0–6) and 
grouped in four subscales (restraint, eating concern, shape 
concern and weight concern). The EDE-Q also provides a 
global score designed to reflect the overall ED pathology; the 
global score ranges from 0 to 6 with a higher score reflect-
ing greater severity. The EDE-Q has received robust psy-
chometric support including acceptable convergence with 
interview methods [41–43] The Italian validated version of 
the EDE-Q, v. 6.0 used in this study has demonstrated good 
psychometric properties [44]. Cronbach’s alpha in our sam-
ple was > of 0.81 for all EDE-Q (global and subscale) scores.

Symptom checklist‑90‑revised [SCL‑90‑R; 45]

This 90-item questionnaire [rated on a 5-point Likert scale 
ranging from “not at all” (0) to “extremely” (4)] is widely 
used to assess general psychopathology and a broad range 
of symptoms (over the previous 7 days) such as depression 
and anxiety associated with ED pathology [2, 14]. It gener-
ates several indexes, including the Global Severity Index 
(GSI), considered the best indicator of the current level of an 
individual’s general psychopathology status, as it combines 
information concerning the number of endorsed symptoms 
with the intensity of perceived distress [46]. As in prior ED 
research [47], the GSI of the Italian validated SCL-90-R [46] 
was used to measure general psychiatric distress. Cronbach’s 
alpha in our sample was 0.96 for the GSI.

RS and ML‑RS procedure

A slightly modified version of the milkshake paradigm [38, 
48, 49] was used for all participants in this study. Partici-
pants were asked to consume regular meals but refrain from 
eating or drinking (including alcohol and/or caffeine) for 
4–6 h [48] immediately before their EEG recordings per-
formed on the same day of clinical assessment (described 
above). After electrode montage, participants were invited 
to sit with their eyes closed on a comfortable armchair in a 

quiet, semi-dark, silent room for 5 min for the resting EEG 
recording (RS condition).

Following this, participants were asked to drink 20 mil-
liliters (ml) of chocolate milkshake [38, 48, 49]. On comple-
tion of tasting, participants were instructed to remain seated 
with their eyes closed for another 5 min for the resting EEG 
recording (ML-RS condition).

A ten-point visual analog scale [38, 48, 49] was used to 
assess both the level of hunger at the time of EEG recording 
and the pleasantness of the milkshake at the end of EEG 
session.

EEG recordings and power spectral analysis

Micromed System Plus digital EEGraph (Micromed© 
S.p.A., Mogliano Veneto, TV, Italy) was used to perform 
EEG recordings, which included 19 standard scalp leads 
placed according to the 10–20 system (recording sites: Fp1, 
Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4, T4, T5, P3, Pz, 
P4, T6, O1, O2). The reference electrodes were positioned 
on the linked mastoids. Impedances were kept below 5 KΩ 
before starting the recording and checked again at the end 
of the experimental recording. Particularly, impedances 
of the mastoid reference electrodes were checked to be 
identical. Electrooculogram and electrocardiography were 
monitored during the recording to avoid any sort of artifact. 
Sampling frequency was 256 Hz; pre-amplifiers amplitude 
range was ± 3200 µV and low-frequency pre-filters were 
set at 0.15 Hz. The following band-pass filters were used: 
HFF = 0.2 Hz and LFF = 100 Hz.

Artifact rejection (eye movements, blinks, muscular acti-
vations or movement artifacts) was performed visually on 
the raw EEG by experienced technicians; full details of the 
artifact rejection procedure are available elsewhere [50–53]. 
After artifact rejection, the remaining EEG intervals were 
exported into American Standard Code for Information 
Interchange files and imported into the eLORETA software. 
At least 180 s of EEG artifact-free recording (not necessar-
ily consecutive) were extracted for quantitative analysis. All 
EEG analyses were performed using the eLORETA software 
[36]. eLORETA has several benefits compared to similar 
software (e.g., LORETA), including no localization biases 
even when there is structured noise, and an excellent locali-
zation agreement with different brain imaging techniques, 
also when standard 19-electrode EEG montage is used [54, 
55].

Power spectral analysis was performed using Fast Fou-
rier Transform algorithm in all scalp locations with a 2-sec-
ond interval on the EEG signal. In this study, we consid-
ered the following frequency bands: delta (0.5–4 Hz), theta 
(4.5–7.5  Hz), alpha (8–13  Hz), beta (13.5–30  Hz) and 
gamma (30.5–60 Hz). EEG frequency analysis was per-
formed using monopolar EEG traces (i.e., each electrode 
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referred to joint mastoids). Topographic sources of EEG 
activities were determined using the eLORETA software, 
which calculates the three-dimensional current distribution 
throughout the brain volume by assuming that connected 
neurons are activated both simultaneously and synchro-
nously [56, 57]. The computational task is to select the 
smoothest three-dimensional current distribution, a com-
monly used procedure in signal processing [58, 59], provid-
ing true three-dimensional tomography in which the locali-
zation of brain signals is conserved with a low amount of 
dispersion [36].

Statistics

To reveal natural groupings (or clusters) of women with 
different (e.g., high v. low) levels of ED pathology, a Two-
Step Cluster Analysis procedure [60] was performed on 
the four EDE-Q sub-scales scores. Compared to the tra-
ditional clustering approaches, this procedure has several 
advantages, including the ability to create clusters based 
on both categorical and continuous variables and the auto-
matic selection of the number of clusters [60–62]. In the 
first step of the procedure, original cases are grouped into 
pre-clusters by constructing a cluster feature tree [60–62]. 
In the second step, the pre-clusters resulting from the first 
step are taken as input and the standard agglomerative 
hierarchical clustering algorithm on the pre-clusters is 
used [60–62]. The automatic selection of the number of 

clusters was selected using the log-likelihood distance 
measure and the cluster solution was assessed using the 
log-likelihood distance measure and the Schwarz’s Bayes-
ian Criterion (BIC) as clustering criterion, one of the most 
useful and objective (clustering) selection criteria [60]. 
Chi-squared tests (χ2), and Mann–Whitney’s U tests were 
used to investigate differences between clusters for dichot-
omous and dimensional variables, respectively. IBM SPSS 
Statistics for Windows, version 19.0, was used to perform 
these tests and the partial correlations described below.

EEG Power spectra data were compared between clus-
ters in all (RS and ML-RS) conditions for each frequency 
band. Comparisons were made using statistical non-para-
metric mapping methodology based on Fisher’s permuta-
tion test (i.e., a subset of non-parametric statistics), availa-
ble in the eLORETA software [63]. Correction of multiple 
comparison [63] was made using the non-parametric ran-
domization procedure included in the eLORETA soft-
ware package. T-level thresholds were computed by the 
statistical software implemented in the eLORETA, which 
correspond to statistically significant p values (p < 0.05 
and p < 0.01). Given the significant differences between 
derived clusters in BMI and GSI (Table 1), partial cor-
relation (rp) analyses controlling for these variables were 
performed among EDE-Q global and subscales scores, and 
any significant qEEG data.

Table 1  Bivariate analyses

EDs eating disorders, EDE-Q eating disorder examination questionnaire, SCL-90-R symptom checklist-90-revised, EEG electroencephalography

Variables Women with 
subclinical EDs 
(n = 17)

Controls (n = 20) Test statistics (U) p

Age (years), M (SD) 22.76 (1.52) 22.05 (2.61) 122.5 0.149
Educational level (years), M (SD) 15.29 (1.53) 15.55 (1.67) 155.5 0.662
EDE-Q global score, M (SD) (score range: 0-6) 2.88 (0.65) 0.57 (0.52) 1.00 < 0.001
EDE-Q-Restraint subscale, M (SD) (score range 0–6) 2.35 (1.36) 0.46 (0.61) 23.00 < 0.001
EDE-Q-Eating concern subscale, M (SD) (score range 0–6) 1.76 (0.99) 0.16 (0.20) 15.00 < 0.001
EDE-Q-Shape concern subscale, M (SD) (score range 0–6) 3.64 (0.85) 0.98 (0.98) 14.00 < 0.001
EDE-Q-Weight concern subscale, M (SD) (score range 0–6) 3.29 (0.76) 0.45 (0.55) 1.00 < 0.001
EDE-Q-Binge eating episodes, M (SD) (past 28 days) 3.41 (3.16) 0.45 (0.76) 23.00 < 0.001
EDE-Q-Inappropriate weight compensatory behaviors (composite measure 

[47]), M (SD) (past 28 days)
1.77 (2.31) 0.1 (0.31) 100.00 0.033

SCL-90-R-Global severity index, M (SD) (score range 0–4) 0.86 (0.44) 0.53 (0.34) 100.00 0.033
Body mass index (kg/m2), M (SD) 23.01 (3.61) 20.45 (2.65) 97.5 0.027
Hungry (at the moment of EEG recording), M (SD) (score range 1–10) 4.82 (2.68) 5.35 (2.87) 153 0.602
Pleasantness of milkshake (at the end of EEG session), M (SD) (score 

range 1–10)
7.47 (2.43) 7.63 (2.01) 160 0.961
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Results

Cluster analysis revealed a 2-group solution (BIC 
change =− 31.05; Ratio of distance measures = 7.07), i.e., 
(a) a group of women (n = 17, 45.9% of the sample) with 
high levels of ED pathology who fell into the subclinical 
EDs category according to normative data [43, 64] and 
the discriminant validity of the EDE-Q [39, 65],1 and (b) 

a group of women (n = 20, 54.1% of the sample) with low 
levels of ED pathology (controls). In support of the valid-
ity of the classification scheme, young women with sub-
clinical EDs reported significantly higher EDE-Q (global 
and subscale) scores, more binge eating episodes and 
inappropriate weight compensatory behaviors and higher 
scores on non-ED variables (i.e., GSI) as compared to 
controls (Table 1). The two groups differed in terms of 
BMI but they were statistically indistinguishable in socio-
demographics, hunger level (at the time of EEG record-
ing) and pleasantness of the milkshake (at the end of EEG 
session) (Table 1).

EEG recordings suitable for the analysis were obtained 
for all female participants. Qualitative visual evaluation 
of these showed no a) relevant modifications of the back-
ground rhythm frequency (e.g., epileptic discharges) and b) 
sleepiness during the recordings. Regarding the RS condi-
tion, the average time analyzed for the present study was 
238 ± 13 s. and 245 ± 18 for women with subclinical EDs 
and controls, respectively. Regarding the ML-RS condition, 

Fig. 1  Results of the eLORETA comparison of EEG power spec-
tra in each frequency band in the RS (Panel A) and ML-RS (Panel 
B) conditions. Threshold values (T) for statistical significance are 
reported in the center of the figure. Blue indicates reduction of EEG 
power spectra. Red to yellow indicates an increase in EEG power 
spectra. Compared to controls, women with subclinical EDs showed 

an increase in theta activity in the parieto-occipital areas. eLORETA 
exact low-resolution electromagnetic tomography software, EEG 
electroencephalography, RS resting state, ML-RS Milkshake resting 
state, EDs eating Disorders, BA Brodmann areas, A anterior, P poste-
rior, L left, R right

1 A recent, large Italian study has supported the discriminant valid-
ity of the EDE-Q and established a) a global EDE-Q score of 3.00 
(sensitivity = 0.90, specificity = 0.90) as the optimal cut-off to accu-
rately distinguish young women with DSM-5 full-syndrome EDs 
from healthy controls, and b) a global EDE-Q score of 1.98 (sensi-
tivity = 0.96, specificity = 0.96) as the optimal cut-off to accurately 
distinguish young women with DSM-5 subclinical/sub-threshold EDs 
(i.e., atypical anorexia nervosa, bulimia nervosa and binge eating dis-
order of low frequency and/or limited duration) from healthy controls 
[65]. The EDE global score of our cluster-derived group of young 
women with high levels of ED pathology (Table 1) is above the iden-
tified cut-off for DSM-5 subclinical EDs and below the identified cut-
off for DSM-5 full-syndrome EDs.
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the average time analyzed was 267 ± 11 s. and 251 ± 17 for 
women with subclinical EDs and controls, respectively. 
In the RS condition, the thresholds for significance were 
T = 3.25 corresponding to p < 0.05, and T = 3.96, corre-
sponding to p < 0.01. In this condition, no significant modi-
fications were observed between groups (Fig. 1, Panel A). 
The most prominent modifications of spectral power, even 
if not significant, were observed in the theta band in the 
middle temporal gyrus (Brodmann Area (BA) 19; T = 2.43, 
p = 0.28). In the ML-RS condition, the thresholds for signifi-
cance were T = 3.10 corresponding to p < 0.05, and T = 3.68, 

corresponding to p < 0.01. In this condition, significant mod-
ifications were observed in the theta band (Figs. 1, Panel B 
and 2). Compared to controls, women with subclinical EDs 
showed an increase in theta activity in the parieto-occipital 
areas (left BAs 7-31-19-18-39; right BAs 19-18). Detailed 
eLORETA statistics for the ML-RS condition are reported 
in Table 2 and commented in the appropriate discussion 
section. After controlling for BMI and GSI, all significant 
BAs observed in the ML-RS condition were positively asso-
ciated with EDE-Q global scores (rp ≥ 0.38; p < 0.05) and 

Fig. 2  Results of the eLORETA comparison of EEG power spectra 
in theta frequency band in the ML-RS condition. Threshold values 
(T) for statistical significance are reported at the bottom of the figure. 
Blue (not present) would indicate a decrease of EEG power spectra. 

Red to yellow indicates an increase in EEG power spectra. eLORETA 
exact Low-Resolution Electromagnetic Tomography Software, EEG 
electroencephalography, BA Brodmann areas, L left, R right
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all EDE-Q subscales (rp ≥ 0.35; p < 0.05), except for eating 
concern (Table 3).

Discussion

The current study explored EEG power spectra modifica-
tions in young women with different levels of ED pathology 
using the eLORETA software. Cluster analysis revealed a 
group of women with high levels of ED pathology falling 
into the subclinical EDs category, and a group of women 
with low levels of ED pathology (controls). Compared to the 
controls, women with subclinical EDs showed an increase 
in theta activity in parieto-occipital areas (i.e., cuneus, pre-
cuneus, superior occipital gyrus, angular gyrus, middle 
temporal gyrus) after a single taste of a hyper-caloric drink 
(milkshake). After controlling for BMI and GSI, theta activ-
ity in these brain structures was positively associated with 
EDE-Q global and subscale (e.g., restraint, shape and weight 
concern) scores.

Broadly speaking, our findings converge with those of 
previous brain imaging and qEEG studies with full-syn-
drome ED patients underscoring the key role of parieto-
occipital areas such as cuneus and precuneus in the ED 
pathophysiology [19–22, 24]. For example, increased activ-
ity of visual cortex has been observed in women with EDs 
during food-cue processing [66–68]. Furthermore, func-
tional alterations in the precuneus, lateral occipital cortex 
and middle temporal gyrus (which covers the extrastriate 
body area) have been consistently reported in women with 
anorexia and bulimia nervosa during the processing of body 
image-related stimuli [19, 21, 22].

Intriguingly, we observed alterations in cortical activity 
(i.e., an increase in theta EEG power) in the parieto-occipital 
areas after a single taste of a chocolate milkshake rather than 
during the visual processing of body image-related stimuli 
[19, 21, 22]. Our results may reflect the neurophysiologi-
cal substrate of core features of ED pathology, i.e., body 
weight and shape concerns and dietary restraint. Research 
with young healthy subjects showed that the increase in EEG 

Table 2  Detailed eLORETA 
statistics for the ML-RS 
condition

eLORETA exact low-resolution electric tomography, ML-RS milkshake resting state, MNI montreal neuro-
logical institute, L left, R right

eLORETA
MNI coordinates

Brain structure Brodmann area T value p

x y z

− 20 − 80 30 Cuneus (L) 7 3.35 0.026
− 15 − 70 25 Precuneus (L) 31 3.35 0.026
− 20 − 85 30 Cuneus (L) 19 3.34 0.027
− 15 − 80 25 Cuneus (L) 18 3.29 0.030
− 35 − 85 30 Superior occipital gyrus (L) 19 3.21 0.040
− 35 − 80 30 Angular gyrus (L) 39 3.22 0.034
− 35 − 75 25 Middle temporal gyrus (L) 39 3.13 0.044
5 − 95 25 Cuneus (R) 19 3.13 0.044
5 − 85 25 Cuneus (R) 18 3.12 0.045

Table 3  Results of partial correlation analyses (controlling for BMI and GSI) performed among EDE-Q global and subscale scores and signifi-
cant theta qEEG data (in the ML-RS condition) in the whole sample (N = 37)

BMI body mass index, GSI global severity index of the symptom checklist-90-revised, EDE-Q eating disorder examination questionnaire, qEEG 
quantitative electroencephalography, ML-RS milkshake resting state, BA Brodmann area, SOG superior occipital gyrus, MTG middle temporal 
gyrus
*p < 0.05; **p < 0.01

Left BA7 Left BA31 Left BA19 Left BA19 (SOG) Left BA18 Left BA39 Left 
BA39 
(MTG)

Right BA19 Right BA18

Restraint 0.46** 0.45** 0.44** 0.43** 0.39* 0.44** 0.42* 0.41* 0.39*
Eating concern 0.10 0.10 0.10 0.13 0.08 0.14 0.14 0.04 0.05
Shape concern 0.38* 0.39* 0.38* 0.37* 0.37* 0.37* 0.37* 0.36* 0.35*
Weight concern 0.46** 0.45** 0.45** 0.43** 0.42* 0.44** 0.42* 0.44** 0.44**
EDE-Q global score 0.43** 0.43** 0.42* 0.42* 0.39* 0.42* 0.41* 0.39* 0.38*
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theta power over parieto-occipital areas is associated with 
rumination over personally meaningful events or domains 
[69], which, in the case of EDs, fall within the realm of body 
weight and shape concerns [4, 6, 8, 10, 70]; these concerns 
are well known to be closely related to and drive attempts 
to restrict food intake [47, 71, 72]. Moreover, neuroimaging 
research with ED patients indicated functional and structural 
alterations in several parieto-occipital brain areas, including 
the precuneus, which are associated with cognitive control 
processes and rumination on body weight and shape [20]. 
Since dietary restraint is featured by a high cognitive con-
trol on food consumption [73], the EEG pattern detected in 
young women with subclinical EDs in the ML-RS condition 
suggests that tasting a hyper-caloric drink (milkshake) might 
have induced rumination and anxious thoughts about body 
weight and shape in them because they realized they had 
broken their own diet rules and anticipated weight gain. The 
experimental evidence indicating that exposure to, tasting 
and/or consumption of high-caloric foods or drinks (such 
as a milkshakes) elicits anxiety and preoccupation with 
and overestimation of weight and shape/size among peo-
ple vulnerable to binge eating and bulimic behaviors (i.e., 
restrained eaters) and those with (full-syndrome or subclini-
cal) EDs [73–75] lends some credence to this hypothesis. 
Previous qEEG research in young females with anorexia 
nervosa also showed an increase in theta power in the pari-
etal–occipital areas, which remained after refeeding [76]. 
This finding was interpreted as “a generalized disturbance of 
cortical activity […] or marker of underlying anxiety sensi-
tivity/vulnerability” [24]. Interestingly, the increase in theta 
power in the ML-RS condition was predominately observed 
in the left hemisphere, which seems coherent with the notion 
that anxious apprehension, mainly marked by worry and ver-
bal rumination, involves more left- than right-hemisphere 
activity [77].

It is also noteworthy that we did not observe qEEG mod-
ifications during the first experimental condition, i.e., RS 
without milkshake. However, contrary to our findings, prior 
fMRI [20, 22] and qEEG [24, 78] studies reported brain 
alterations in ED patients also in the task-free condition. For 
example, a previous qEEG/LORETA study showed lower 
alpha power in central, parietal, occipital and temporal areas 
during RS in people with anorexia and bulimia nervosa com-
pared to controls [78]. Inconsistent findings may be attribut-
able to methodological differences between our and prior 
studies. Broadly speaking, past research focused on young 
women with full-syndrome EDs, whereas the current study 
investigated qEEG modifications in young women with sub-
clinical EDs. In line with the continuum perspective of EDs 
[79] and the notion that full-syndrome and subclinical (i.e., 
sub-threshold) EDs are different manifestations of the same 
disease along a severity spectrum [16], we might hypoth-
esize that alterations of cortical electrical activity emerge 

when triggered by salient stimuli in people with high lev-
els of ED pathology who do not fall into the full-syndrome 
ED category, and then become rooted (i.e., observable even 
without salient stimuli) when a full-syndrome ED becomes 
overt.

We note limitations of our study as a context for inter-
preting the findings. First of all, we did not include and 
collect data from people with full-syndrome EDs. As such, 
we could not perform a direct comparison of people with 
full-syndrome EDs and subclinical EDs, which would be 
ideal. Future research needs to address this issue and test 
our literature-based hypothesis about differences between 
full-syndrome and subclinical ED conditions (noted above), 
which should currently be considered speculative. Second, 
our study relied on a small sample size and self-report meas-
ures, which are somewhat susceptible to erroneous report-
ing and assessment error (in the case of BMI). It should be 
noted, however, that the self-report measure “EDE-Q” has 
received strong psychometric support, including acceptable 
convergence with interview methods [40–42], performs well 
for assessing ED pathology in community-based samples 
and may reduce embarrassment and enhance honest dis-
closure of sensitive material by people with ED pathology 
[2, 42, 80]. Several studies also reported high correlations 
between self-reported and measured BMI (based on physical 
measurement of height and weight) amongst young adults 
(r = 0.89–0.97) and indicated that errors in self-reporting 
of weight and height (or self-reported BMI) are related to 
a person’s age, with unreliability increasing directly with 
age [81, 82]. Despite this, replication of our findings with 
larger female samples of different ethnic composition and 
other methods of data collection (e.g., interviews and stand-
ard calibrated electronic instruments of weight and height 
for calculating BMI) is welcome and would strengthen the 
interpretation and validity of the current results. Given the 
sex differences in and beyond ED signs and symptoms [83], 
future research should also assess whether men with sub-
clinical EDs do (or do not) have different qEEG patterns 
in the ML-RS and RS condition. A final limitation is the 
cross-sectional design of the study that cannot solve the 
“chicken-or-egg” question. Although the neurophysiologi-
cal abnormalities in parieto-occipital areas may increase 
vulnerability to ED pathology, the reverse possibility that 
ED pathology contributes to these abnormalities cannot be 
ruled out. As such, prospective research is needed to address 
this important issue.

Despite the above limitations, our study differs from and 
adds to previous qEEG research and literature by investigat-
ing EEG power spectra modification in young women (with 
high levels of ED pathology falling into the subclinical EDs 
category) using an accurate and validated tool (eLORETA) 
to localize electrical activity in the brain. In conclusion, our 
results indicated that women with subclinical EDs display 
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alterations in cortical electrical activity in parieto-occipital 
areas triggered by a hyper-caloric drink. These alterations 
may reflect the neurophysiological substrate of core features 
of ED pathology and, from a therapeutic point of view, sug-
gest the potential utility of techniques focused on self neuro-
modulation, such as neurofeedback [84].
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