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Abstract 

To compare neural responses to high and low-energy food images in patients with Anorexia 

Nervosa (AN) and an age-matched Healthy Control (HC) group. 25 adolescents with AN and 

21 HCs completed a diagnostic interview, self-report questionnaires and fMRI, during which 

they viewed food images evoking responses of disgust, happiness, or fear. Following whole 
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brain analyses, neural responses in six regions of interest were examined in a series of 

between-group contrasts, across the three emotive categories. Compared to the HCs, people 

in the AN group showed increased responsivity to high-energy (1) disgust images in temporal 

lobe, frontal lobe, insula, and cerebellum anterior lobe; (2) fear images in occipital lobe, 

temporal, and frontal lobes and (3) happy images in frontal lobe, cerebellum anterior lobe, 

sub-lobar, and cuneus. More activity was observed in response to low-energy (1) disgust food 

images in the temporal lobe, frontal lobe, insula, cerebellum anterior and posterior lobes, 

parietal lobe, occipital lobe, and limbic lobe; (2) and happy food images in frontal lobes. Few 

correlations were found with levels of eating disorder symptoms. The findings highlight the 

emotional impact of diverse high and low-energy foods for people with AN. People without 

AN may have a better capacity to filter salient from non-salient information relating to the 

current task when viewing high energy foods. In summary, for those with AN, it would seem 

their ability to efficiently ‘sort-out’ information (especially information pertaining to disorder-

relevant stimuli such as food images) to complete the task at hand, may be diminished. 

Keywords  

Eating disorders; food; emotional response; anorexia nervosa; fMRI 

 

1. Introduction 

How people with Anorexia Nervosa (AN) emotionally respond to food is a central but 

incompletely understood psychopathological feature. Research has consistently highlighted that 

people with a diagnosed Eating Disorder (ED) or sub-threshold symptoms self-report higher 

negative emotions (e.g. disgust, anxiety, fear) in response to food stimuli compared to Healthy 

Controls (HCs) [1-5]. Harvey et al. (2002) found that levels of disgust and fear in response to high 

calorie food images increased with abnormal eating attitudes [6]. In a later study of non-ED women, 

as eating concerns increased, so too did the degree of fear response to food images [7]. A systematic 

review [8] and a meta-analysis [9] in people with AN have reported that there is increased activity 

and an increased hemodynamic response in the emotion-related regions of the brain (frontal, 

caudate, uncus, insula, and temporal) in response to food and body stimuli. In functional MRI studies 

there has been a research focus on responses to pleasurable foods [10-14] supporting a paradigm 

of reduced reward responsivity in people with AN [15]. Thus, findings of increased activity in the 

cognitive control-related neural circulatory and reduced emotive response to food in appetite-

related brain regions (emotional and reward-related) have been proposed as the core neural 

mechanisms for the development of AN [16-19]. The study of emotional responsivity in people with 

AN however, also comprises observed negative emotions such as fear and disgust towards food [20] 

that may be an illness consequence or maintaining factor in contrast to a predisposing or 

vulnerability factor. 

Whilst an increasing number of studies have examined neural responses to food image stimuli in 

people with AN, to date studies have had inconsistent findings leaving the neural underpinnings for 

AN unclear. These inconsistences and a wide range of outcomes were highlighted in a recent further 

systematic review of functional brain alterations in people with active or recovered AN [10]. The 
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observed differences and inconsistencies mainly reflect the methodological variations in the design 

of the studies including experimental paradigms and sample differences, e.g., the state of satiation 

of participants. For example, greater activation in response to food stimuli was observed in the 

emotion-processing regions of the brain of AN patients versus HCs when hungry suggesting a more 

emotionally arousing response to food stimuli in AN when not satiated [21]. Similarly, increased 

activation was reported in the caudate in both AN and AN-recovered patients [22]. However, 

weaker activation in the parietal cortex was found in people with AN who were satiated relative to 

HCs [3]. 

A further source of difference in the research findings is studies at varied stages of AN’s onset, 

recovery, and particular brain processes that may be implicated in adolescence [23]. Eating 

disorders usually develop during the adolescence years [24] when the brain maturity is incomplete. 

Emotional and food stimuli processing changes may be more remedial to change. Only two studies 

have reported findings in adolescents [25, 26]. Killgore et al. [26] reported increased activity in left 

hippocampus and sub-genual cingulate regions when viewing high-energy foods and increased 

activity in the fusiform gyrus when viewing low-energy foods. Interestingly, with increased age there 

was activation of prefrontal cortical regions. Horndasch et al. [25] also found differences between 

adults and adolescents. In contrast to [26], there was activation of inferior frontal and medial 

prefrontal gyri and the insula in adolescents when viewing high-energy foods. Additionally, in the 

cerebellum, when viewing low-energy foods. These results also differed form adults with AN [25]. 

These adolescent studies also did not report whether the changes correlated with relevant clinical 

features. 

In the light of these inconsistent findings and potentially differential findings in adolescents 

where the brain is in a state of incomplete maturation, we aimed to further investigate in a sample 

of adolescents with AN, their cerebral response to food stimuli. Further, we included participants 

who were in a satiated state, thus reducing potential effects from immediate hunger e.g., an 

exaggerated response to high energy foods. Whilst unknown, it is also possible that people with AN 

develop conscious mechanisms to facilitate their restricted eating behaviour during hunger. We also 

included a normal weight control group as the effects of starvation are not known. In addition, in 

our previous study on this sample we found reduced grey matter volume in brain’s frontal, temporal, 

parietal and occipital cortices and in subcortical areas of the AN group compared to the HCs [27]. 

To our knowledge, no previous fMRI studies including AN participants have separated pictorial 

food stimuli into low and high-energy foods and into the three main or primary emotions of 

happiness, fear and disgust. The separation of food stimuli into these categories, offers a novel 

investigation and will provide clinically meaningful insight into whether high-energy foods prompt 

a differential neural response related to low-energy foods, and if this is observed across a range of 

positive and negative emotions. In the present paper we thus examined the neural response during 

fMRI to the low-energy and high-energy food stimuli separately, with the results pertaining to each 

food image category analyzed separately, with a broader consideration of results across low and 

high-energy conditions, made in the discussion.  

We hypothesized that images of high and low-energy food stimuli would evoke a reduced 

response in these emotion-related brain regions in people with AN compared to the HCs. We further 

hypothesized that for high-energy foods, the emotional categories would lose their distinctions in 

the AN group, owing to an overwhelming response evoked, whereas in low-energy foods the AN 

participants’ responses would be closer to the HCs. We also examined the relationship between 
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neural activity in response to food images and ED symptoms using beta-value correlations. As this 

is a novel study, we reported whole-brain exploratory analyses in addition to putative region-of-

interest (ROI) effects such as occipital and parietal-temporal association cortices, in the insula 

(linked with disgust), amygdala (linked with fear), and medial prefrontal cortex. 

2. Materials and Methods 

2.1 Recruitment 

Participants with AN were recruited from hospital ED clinics. The HCs consisted of volunteers 

responding to advertisements placed in educational institutions, advertising in social media 

networks, and university newsletters. Measurements were collected prior to randomization at 

baseline and participants (n=182) were recruited as part of a broader study of emotions and food 

[1]. In exchange for any associated travel costs to attend the assessments participants were 

reimbursed with a $30 gift voucher. 

2.2 Eligibility Criteria 

Underweight in-patient medically stable female participants in their first week of admission (To 

standardize the disease state) for refeeding (n=25) aged ≥14 years with a DSM-5 AN diagnosis [28, 

29] of <3 years duration were included. Aged-matched female volunteer without a history of an ED 

(confirmed by completing diagnostic questionnaires e.g., MINI, EDE-Q) were recruited to the HC 

group (n=21). The comprehensive treatment regime has been previously reported [30]. Participants 

were excluded if they had any contradictions to MRI including claustrophobia, metal implant, heart 

pacemaker, or pregnancy; major neurological brain impairment, injury, and/or cognitive 

impairment. Medication or handedness were not recorded.  

2.3 Assessments 

To calculate BMI (kg/m2) percentiles, height and weight were measured using calibrated scales 

and a stadiometer. 

2.4 Functional Magnetic Resonance Imaging (fMRI) Acquisition  

A GE-3T Signa HDxT (Version 15M4, 8-channel array head coil) fMRI scan of the brain (sagittal 

orientation) was conducted at Westmead Hospital’s imaging center. Functional MRI runs were 

acquired using a gradient-echo Echo-planar sequence (TR=2s, TE=40ms, 128 × 128 matrix, 240mm 

FOV, 30 slices of 2mm thick + 20% spacing). Prior to the first run, a T1-weighted sequence (spin-

echo, 256 x 192 matrix, 21 slices of 4mm thick + 1.5mm spacing) was performed to obtain 

anatomical detail in the same slice planes used for fMRI. A high-resolution T1-weighted sequence 

was also acquired at the end of each session (Inversion Recovery-prepared, Spoiled Gradient 

Refocused gradient echo (IRSPGR) 1mm x 1mm in-plane, 1mm thick slices) followed by a B0 image. 

 

 



OBM Neurobiology 2021; 5(3), doi:10.21926/obm.neurobiol.2103107 

 

Page 5/21 

2.5 fMRI Stimuli 

Participants were scanned satiated and hydrated. Three continuous blocks with 96 images of low 

(e.g., a bunch of English spinach) and high-energy (e.g., a block of Cadbury’s chocolate) sweet and 

savoury food, and neutral non-food objects (e.g., a brick office block, a door, see Image1), were 

presented at half a second intervals via dual video screen goggles equipped with eye tracking 

capability. The non-food images (n=16) were embedded within the other types of stimuli and 

presented randomly. This was done to normalize the data ensuring extraneous variables don’t 

factor into the results. A Rapid Serial Visual Presentation (RSVP) task was used to control for any 

potential attentional related confounds. Participants were instructed to a tap a buzzer if they saw 

the same image twice in a row. The food images were further categorized within the low-energy 

food images, in terms of evoking emotional responses of disgust, happiness or fear. The images 

were created by author PH and have been shown to evoke emotions in these categories previously 

in people with eating disorders  [1] and in studies of adolescents [7]. Examples of food images in 

different low-energy emotive categories include raw baby octopus (disgust), cherries (happy) and 

fresh chili’s (fear). Images were inspected and balanced for complexity by consensus (See Figure 1). 

 

Figure 1 High, low, and neutral food/none-food stimuli to evoke responses of disgust, 

happiness, or fear. 

A six-block design was used for presenting the images during the scan (2 energy levels (high & 

low) × 3 emotions evoked). Each block had 32 images and took 16 minutes to complete. Images 

were presented in 3 runs of random order. Each run comprised 6 different categories including high 

and low-energy happiness, disgust, and fear evoking images. Imaging was conducted approximately 

30 minutes following a regular meal and took approximately 50 minutes (See Diagram 1).  
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Diagram1 Flow of the 6-block design fMRI stimuli presented to participants. 

2.6 fMRI Data Analysis 

Pre-processing and data analysis were performed via Statistical Parametric Mapping (SPM12) 

software. The first 4 volumes of each run were removed automatically prior to analysis. Functional 

data was realigned within scanning runs to correct for head motion using a set of 6 rigid body 

transformations determined for each image. Each functional run was spatially normalized to the 

EPI-template supplied with SPM, beginning with a local optimization of the 12-parameters of an 

affine transformation. These images were then smoothed with a 6mm Gaussian filter. The Blood-

Oxygen Level Dependent (BOLD) signal was analysed within each run using a high-pass frequency 

filter (cut-off 144 seconds). Correlations between scans and epochs were modelled by a standard 

hemodynamic response function at each voxel. Parameter estimates were obtained for each 

condition and participant to allow second-level random effects analysis of between-participant 

variability. Analyses of Variance (ANOVA) was then performed on the statistical maps obtained. The 

significant clusters (FWE corrected <.05) were independently defined in each hemisphere using 

WFU_PickAtlas [31]. 

MATLAB R2017b (MathsWorks) was used in conjunction with SPM12 [32] to perform statistical 

analyses on fMRI data. First-level, or individual participant analysis, was completed by generating 

brain contrast images in each condition of the image stimuli (low-energy: disgust – neutral, fear – 

neutral, happy – neutral) to determine the specific effects of the food image emotive categories. 

The first-level contrasts were then used in second-level analyses. Second-level, or between-group 

data analysis, was completed using a full factorial design with two groups (AN and HC) and three 

values per group (low-energy happy, fear, disgust). Second-level analyses were completed using a 

combined statistical threshold of p <.005 and a voxel cluster size threshold of 10 contiguous voxels, 

which produces the ideal balance between Type I and Type II error rates [33]. Version 2.5 

WFU_Pickatlas was used to complete objective anatomical labelling for any clusters that reached 

significance [31]. Exploratory whole-brain analyses were completed using the same thresholding 

guidelines described above [33-35].  
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For B-value correlations non-parametric tests (Pearson correlation) was performed via IBM 

software (SPSS, version-25). To investigate potential clinical correlates of aberrant activity in 

different ROI’s, beta values for individual subjects were extracted from ROI’s using the SPM12 

MarsBar toolbox (release 0.44) [36], contrasting (AN – HC) and (HC – AN). To reduce likelihood of 

Type 1 error ROI’s were selected based on the brain regions that had greatest levels of activation 

for aversive (fear and disgust) emotions and high-energy foods. Clinical characteristics were those 

with most relevance to food and eating, namely the global EDEQ which reflects eating, shape and 

weight concern, and dietary restraint. Beta values were correlated with clinical measures to 

establish any links. Initial univariate analyses were followed by multiple linear regressions to assess 

whether clinical variables explained for significant variance in the ROI activity. The neural activity in 

the respective ROI was entered in each model as the dependent variable, while the clinical data 

were the independent variables. Correction of significance for multiple testing was done to p<.01. 

2.7 Assessment Instruments 

Mini International Neuropsychiatry Interview was used to determine current diagnoses modified 

for DSM-5 AN criteria [28, 29, 37]. The Eating Disorder Examination Questionnaire (EDE-Q) was used 

to assess eating disorder symptoms over the past 28 days [38]. Subscale scores and a global score 

are derived and Australian community normative data for these are published [39]. This scale has 

acceptable internal consistency, test–retest reliability and temporal stability. The 14-item Hospital 

Anxiety and Depression Rating Scale (HADS) was used to assess the General psychiatric symptoms 

of anxiety and depression [40]. It was developed for use in general medical out-patient clinics but is 

now widely used in clinical practice and research [41] and has been used in non-clinical populations 

[42]. This scale has adequate test-retest reliability and factor structure in adolescents diagnosed 

with depressive or anxiety disorders [43]. 

2.8 Sample Size 

We aimed for a sample size of 20 per group to detect an effect size of >.8, with power 80%, p 

<.05 one-sided hypothesis [44]. 

3. Results 

The majority of the participants were Australian born (n=26, 56.5%) and non-smokers of which, 

42% had major depression and 10% had generalized anxiety disorder (Table 1). Table 2 and 3 present 

the full results of neural activation contrasted between groups (An – HC / HC – AN) to each of high 

and low-energy food image conditions, respectively. The main findings of significance are 

summarized below.  

Table 1 Participants’ characteristics. 

Variables Anorexia 

Nervosa 

(n=25) 

Healthy Controls 

(n=21*) 

K-W χ2 P<0.05 partial 

eta2 

 n (%) n (%) (df=1)   
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*None of the participants were separated or divorced, SD: Standard Deviation; BMI: Body Mass 

Index; EDE-Q: Eating Disorder Examination Questionnaire [38]; HADS: Hospital Anxiety and 

Depression Rating Scale by [40].  

Table 2 Neural activation while viewing high energy disgust, fear and happy food images 

compared to neutral images in Anorexia Nervosa (n=25) and Healthy Controls (n=21). 

Group contrasts (TD lobe) 
Region (TD label)   MINI 

coordinates 

  

High energy disgust > Neutral 

AN > HC Disgust 

 
X Y Z p KE 

Temporal Lobe Sub-Gyral -36 -58 6 <.001 69 

 
Superior Temporal 

Gyrus 
40 -56 22 <.001 205 

Frontal Lobe Middle Frontal Gyrus 32 44 -8 <.001 161 

 Middle Frontal Gyrus 30 34 50 <.001 58 

 Precentral Gyrus 44 6 8 <.001 56 

 Superior Frontal Gyrus 32 48 20 <.001 61 

Sub-lobar Insula -38 -26 16 .001 44 

 Insula -42 -40 18 <.001 73 

Cerebellum Anterior Lobe Cerebellar Lingual 2 -46 -24 .002 39 

High energy disgust > Neutral HC > AN Disgust 

Occipital Lobe Middle Occipital Gyrus 36 -92 2 <.001 388 

Relationship status*   .769 .380 - 

Married 1 (3.8) 0 - - - 

Single 25 (96.2) 20 (100) - - - 

Occupation   .009 .925 - 

Employed Full/part time 2 (7.7) 1 (5) - - - 

Home maker 1 (3.8) 19 (95) - - - 

Student 21 (80.8) 0 - - - 

Work cover 2 (7.7) 0 - - - 

 Median (Range)    

Age (years) 16 (5) 17.5 (6) 4.13 .042 - 

 Mean (SD) F (df=1)   

BMI (kg/m2) 16.48 (1.8) 23.05 (4.03) 51.08 .001 .543 

EDE-Q      

Global score 3.64 (1.60) 1.46 (0.97) 22.39 .001 .342 

Weight concern 3.70 (1.74) 1.78 (1.16) 13.14 .001 .234 

Shape concern 4.13 (1.76) 2.11 (1.4) 13.83 .001 .243 

Eating Concern 3.10 (1.53) 0.85 (1.0) 26.65 .001 .383 

Restraint 3.66 (1.78) 1.12 (1.16) 23.44 .001 .353 

HADS      

Depression 9.46 (3.97) 5.75 (3.94) 8.87 .005 .171 

Anxiety 11.88 (4.41) 4.35 (2.51) 37.04 .001 .463 
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 Lingual Gyrus -18 -94 -4 <.001 128 

Cerebellum Posterior Lobe Declive -22 -74 -28 .002 39 

High energy fear > Neutral, AN > HC Fear  

Occipital Lobe 
Superior Occipital 

Gyrus 
-46 -82 28 <.001 62 

 
Inferior Occipital 

Gyrus 
48 -84 -8 <.001 66 

 Middle Occipital Gyrus -48 -80 -4 <.001 54 

 Cuneus 16 -84 20 <.001 182 

Temporal Lobe Sub-Gyral -36 -2 -18 <.001 344 

Frontal Lobe Sub-Gyral 26 14 38 <.001 51 

 Medial Frontal Gyrus -8 56 -8 <.001 736 

 Inferior Frontal Gyrus -44 28 14 .001 45 

High energy fear > Neutral, HC > AN Fear 

Cerebellum Posterior Lobe Pyramis 26 -72 -36 <.001 111 

 Cerebellar Tonsil -16 -44 -44 .001 40 

Occipital Lobe Middle Occipital Gyrus 24 -98 2 <.001 87 

Temporal Lobe Sub-Gyral -38 -50 12 <.001 168 

 Fusiform Gyrus -44 -12 -30 .001 45 

High energy happy> Neutral, AN > HC Happy  

Frontal Lobe Sub-Gyral -18 12 46 <.001 184 

 Sub-Gyral 28 30 8 .003 32 

Cerebellum Anterior Lobe Cerebellar Lingual 2 -46 -22 <.001 70 

Sub-lobar Extra-Nuclear -34 -2 -8 <.001 147 

Occipital Lobe Cuneus 16 -80 32 .001 47 

 Cuneus 0 -86 20 .004 30 

High energy happy> Neutral, HC > AN Happy 

Cerebellum Posterior Lobe Declive 6 -82 -28 <.001 78 

Anorexia Nervosa: AN; Healthy Controls: HCs; TD: Talaraich Daemon neurological database; 

MNI: Montreal Neurological Institute coordinates; kE: Voxel size. 

Table 3 Neural activation while viewing low energy disgust and happy food images 

compared to neutral images in Anorexia Nervosa (n=25) and Healthy Controls (n=21). 

Group Contrasts (TD lobe) 
Region (TD label) 

   
MINI 

coordinate 
 

Low energy disgust > Neutral 

AN > HC Disgust 

 
X Y Z p KE 

Temporal Lobe 
Superior Temporal 

Gyrus 

-40 -48 18 <.001 158 

 
Middle Temporal 

Gyrus 

50 -2 -20 <.001 81 

Frontal Lobe Superior Frontal 

Gyrus 

44 38 38 <.001 110 
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Anorexia Nervosa: AN; Healthy Controls: HC; TD: Talairach Daemon; MNI: Montreal Neurological 

Institute coordinates; kE: Voxel size. 

3.1 High-Energy 

3.1.1 Disgust > Neutral 

AN> HC: high-energy disgust images led to significantly greater activation within the temporal 

Lobe (sub-gyral and superior temporal gyrus), frontal lobe (middle and superior frontal gyrus and 

precentral gyrus), insula, and sub lobar (cerebellar lingual). HC>AN: greater activation in HCs, within 

occipital lobe (middle occipital gyrus, lingual gyrus) and cerebellum posterior lobe (declive). 

 Sub-Gyral 26 -12 40 <.001 51 

 Sub-Gyral 28 34 4 <.001 71 

 Sub-Gyral 24 -30 42 <.001 59 

 Inferior Frontal Gyrus -46 20 -6 .003 29 

 
Inferior Parietal 

Lobule 

36 -30 28 <.001 81 

 Precentral Gyrus -26 -32 62 <.001 128 

Sub-lobar Insula 38 0 14 <.001 304 

 Insula -40 -4 12 <.001 129 

 Insula 36 -42 18 <.001 115 

 Insula -38 -26 18 <.001 139 

 Insula 48 -34 20 .002 31 

 Extra-Nuclear -34 -4 -8 .002 33 

Cerebellum Anterior Lobe Cerebellar Lingual 2 -42 -18 <.001 59 

Cerebellum Posterior Lobe Cerebellar Tonsil -20 -62 -42 <.001 123 

Parietal Lobe Supramarginal Gyrus 44 -52 34 .005 25 

Occipital Lobe Sub-Gyral 38 -62 -4 <.001 45 

Limbic Lobe Posterior Cingulate 24 -70 8 .002 34 

Low energy happy > Neutral, AN > HC Happy  

Frontal Lobe Inferior Frontal Gyrus 44 42 10 <.001 227 

 Middle Frontal Gyrus 32 16 52 <.001 79 

 Middle Frontal Gyrus 28 -8 60 <.001 56 

 Sub-Gyral 24 24 30 .001 47 

Low energy happy > Neutral, HC > AN Happy 

Cerebellum Posterior Lobe Declive 8 -84 -28 <.001 111 

 Inferior Semi-Lunar 

Lobule 

16 -62 -50 .001 46 

Occipital Lobe Cuneus 20 -98 0 .001 45 
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Figure 2 Positive effect of group (high energy disgust AN-HC). 

3.1.2 Fear > Neutral 

AN> HC: greater activation within occipital lobe (superior, inferior and middle occipital gyrus and 

cuneus), temporal lobe (sub-gyral), and frontal lobe (sub-gyral, medial and inferior frontal gyrus). 

HC>AN: greater activation in HCs, in cerebellum posterior lobe (pyramis, cerebellar tonsil), occipital 

lobe (middle occipital gyrus), and temporal lobe (sub-gyral, fusiform gyrus).  

 

Figure 3 Positive effect of group (high energy fear AN-HC). 
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3.1.3 Happy > Neutral 

AN> HC: greater activation in frontal lobe (sub-gyral), cerebellum anterior lobe (cerebellar 

lingual), sub-lobar (extra-nuclear), and occipital lobe (cuneus). HC>AN: greater activation in 

cerebellum posterior lobe (declive). 

 

Figure 4 Positive effect of group (High energy happy AN-HC). 

3.2 Low-Energy 

3.2.1 Disgust > Neutral 

AN> HC: greater activation in temporal lobe (superior and middle temporal gyrus), frontal lobe 

(superior frontal, sub gyral, inferior frontal gyral, inferior parietal lobule, precentral gyrus), insula, 

sub-lobar (extra-nuclear), cerebellum anterior lobe (cerebellar lingual), cerebellum anterior lobe 

(cerebellar tonsil), parietal lobe (supramarginal gyus), occipital lobe (sub-gyral), limbic lobe 

(posterior cingulate). HC>AN: no ROI or whole-brain exploratory differences evoked in this condition.  
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Figure 5 Positive effect of group (low energy disgust AN-HC). 

3.2.2 Fear > Neutral 

AN> HC: no ROI or whole-brain exploratory differences evoked in this condition nor for HC>AN.  

 

Figure 6 Positive effect of group (low energy Fear AN-HC). 



OBM Neurobiology 2021; 5(3), doi:10.21926/obm.neurobiol.2103107 

 

Page 14/21 

3.2.3 Happy > Neutral 

AN> HC: greater activation in frontal lobe (inferior and middle frontal gyrus and sub-gyral). 

HC>AN: greater activation in cerebellum posterior lobe (declive, inferior semi-lunar lobule), occipital 

lobe (cuneus).  

 

Figure 7 Positive effect of group (low energy happy AN-HC). 

3.3 Correlations 

A range of ROI’s were associated with changes in the brain’s neural activity in participants with 

AN across low and high-energy image conditions. On inspection of these results, a subset of ROI’s 

was identified with greater responses than other regions in this cohort. Regarding high-energy 

images, the temporal lobe, frontal lobe, insula, and cerebellum anterior lobe were hyperactive; 

however, occipital and cerebellum posterior lobe were hypoactive to viewing disgust images in AN. 

Viewing fear images, occipital lobe, temporal and frontal lobe were hyperactive while the 

cerebellum posterior lobe, occipital and temporal lobes were hypoactive. The frontal lobe, 

cerebellum anterior lobe, sub-lobar, and occipital lobe were hyperactive, while cerebellum 

posterior lobe was hypoactive in happy category in AN. Viewing low-energy disgust images, the 

temporal lobe, frontal lobe, insula, cerebellum anterior and posterior lobes, parietal lobe, occipital 

lobe, and limbic lobe were hyperactive. Finally, viewing happy images, the frontal lobe was 

hyperactive, while cerebellum posterior lobe and occipital lobe were hypoactive in AN. Therefore, 

we calculated correlations between EDE-global score as a clinical variable and neural activity in all 

three ROI’s and in all conditions including the brain regions mentioned above. B-values of temporal, 

frontal, and occipital regions’ ROI’s were selected as the dependent variables in the regression with 

EDE-global score as the independent variable. Few correlations were found (Table 4). 
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Table 4 Correlations between eating disorder symptoms (Global EDEQ) and areas of 

activation in response to viewing high and low-energy food. 

AN= anorexia nervosa; HC= healthy control; TD: Talairach Daemon; Significant findings are in 

bold. 

The Children’s Hospital at Westmead and Western Sydney University Human Research Ethics 

Committees approved the study (Reference No. HREC/13/SCHN/385 and H6644, respectively). All 

participants and their parents/guardians as appropriate provided informed consent. Professor 

Phillipa Hay is the principal investigator of this study. 

4. Discussion 

We investigated the neural responses to high and low-energy food images across a range of 

emotion provoking foods in people with AN compared to a HC group. The association of neural 

activity with overall composite score of eating disorder symptoms (dietary restraint, and eating, 

weight and shape preoccupations) was also examined. AN participants showed greater activation in 

response to high-energy (1) disgust images in temporal, frontal, sub-lobar (insula), and cerebellum 

anterior lobe, (2) fear images in occipital, temporal, and frontal lobes, and (3) happy images in 

frontal, cerebellum, sub-lobar, anterior lobe, and cuneus. Similar pattern of activation was observed 

in response to low-energy (1) disgust images in temporal, frontal, sub-lobar (insula), cerebellum 

anterior and posterior lobes, parietal and occipital lobes, and limbic lobe and (2) happy images in 

frontal lobe. No significant differences were observed in response to low-energy fear images.  

In AN participants compared to HCs, we found a wide range of areas of increased activation in 

response to images associated with aversive emotions, namely disgust, and only fear in high energy 

foods. Our findings are partly consistent with previous reviews and meta-analysis by [8, 9] where 

viewing high-calorie disgust images evoked an increased neural activation in insula. The findings of 

 Region (TD label) rs p 

High energy disgust     

HC>AN Middle Occipital Gyrus / Occipital Lobe .305 .039 

 Lingual Gyrus / Occipital Lobe .249 .095 

AN>HC Insula sublobar voxel 44 .277 .063 

 Insular / Sub-Lobar 73 .385 .008 

 Precentral Gyrus_FrontalLobe .287 .053 

 Sub-Gyral / Temporal Lobe .336 .022 

High energy fear    

HC>AN Sub-Gyral / Temporal Lobe .371 .011 

 Middle Occipital Gyrus / Occipital Lobe .291 .050 

 Fusiform Gyrus / Temporal Lobe -.272 .068 

Low energy disgust    

AN>HC Cerebellar Lingual / Cerebellum Anterior Lobe .317 .032 

 Insula / Sub-Lobar voxels 115 .278 .061 

 Middle Temporal Gyrus / Temporal Lobe .432 .003 

 Superior Temporal Gyrus / Temporal Lobe .338 .022 
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increased activation in insula in the disgust condition to both high and low energy foods are 

consistent with previous research that has implicated the insula as a region that integrates the 

interoceptive states into decision-making process. Thus, people with an AN may be particularly 

sensitised to feelings of disgust underpinning a learned negative response when confronted with 

foods known to evoke this emotion [45, 46]. This supports a possible association between fear and 

disgust of high energy foods and activation patterns in AN.  

Findings of the current study only in part support the results of a systematic review by [8] in 

which HCs showed greater activation in occipital cortex and inferior parietal lobule compared to AN 

participants [3, 5]. However, some studies have not shown greater activation in HCs compared to 

ANs in specific areas of the brain [3-5] and in this study participants with AN had higher activation 

of the visual cortex (occipital lobe) to high energy happy and fear foods compared to the HCs. The 

observed differences may reflect the methodological variations in the design of the studies, 

including studies of not satiated participants [3], different experimental paradigms such as 

instructing participants to think about their perception of hunger when viewing the images [47] and 

sample differences (e.g. adults vs. adolescents). However, satiation status alone is insufficient to 

explain differences as enhanced activation in visual areas of the brain (e.g. occipital cortex) in 

response to motivationally relevant images (food and tools) have been reported by other 

investigators in HCs when not satiated [48-50] or as in the Uher et al. studies [4, 5] where 

participants were in an intermediate state between hunger and satiety. Further research is needed 

to determine the extent of reduced food-related somatosensory processing in people with AN when 

satiated and when not satiated. 

The present study does not support the hypothesis that people with AN had less activation of 

frontal-limbic pleasure pathways towards high and low-energy happy foods [51]. There was also 

less activity of the visual cortes towards high energy (but not low energy) happy foods. It contrasts 

with our previous research that found quantitative and qualitative lower levels of subjectively 

reported happiness in people with EDs, including AN when viewing such food images [1, 7]. It may 

be that there is reduced pleasure, but this was not detected due to the effects from increased 

aversive emotions towards all foods, and in particular, high-energy foods. 

The findings of current study may be modulated in part by unknown effects of starvation in these 

participants with AN, such as widespread reduced grey matter volume compared to the HCs [27]. 

Reduced regional brain volume may indicate reduced activity in response to food stimuli, or 

increased activity due to reduced inhibitory mechanisms. However, these findings only partially 

matched the results of the current fMRI study. For example, areas such as parietal lobe (sub-gyral) 

did not show greater activation in the HCs, but showed reduced volume in another study by our 

group [27].  

It is unclear how much the findings in the present study may relate to clinical severity or specific 

clinical features as there were few significant correlations between ED symptoms and ROI’s. Further, 

the correlations were not high except for one region (High energy disgust Insular / Sub-Lobar <.01), 

and this may have been due to a Type II error given the large number of tests conducted. 

Limitations of this study were that men were excluded, medications, illness duration, and 

handedness were not recorded for all participants in this sample. The sample size in each group 

(AN=25, HCs=21) exceeded power requirements and we found highly significant between group 

differences. However, increasing the sample may have improved our ability to detect wider results 

in relation to beta value correlations with other clinical variables. The illness severity and duration 
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in AN [52] and in bipolar depression has negative effects on cognitive performance [53]. Although, 

the illness duration of more than 3 years was an exclusion criterion for the current study, we did 

not control for duration in our statistical model. Further, approximately 42% of the participants 

were suffering from major depression, however mood status was not found to explain the 

emotional responses of people with eating disorders to similar food images in a previous study from 

our group [54]. Longitudinal research in people with AN post-weight recovery is needed to further 

examine putative effects of starvation. 

Whilst definitive conclusions cannot be drawn, for those with AN, the findings suggest their 

ability to efficiently ‘sort-out’ information (especially information pertaining to disorder-relevant 

stimuli such as food images) to complete the task at hand, may be diminished. It provides some 

neuro-biological understanding of the high levels of distress people with AN experience, particularly 

in the early phases of refeeding. It supports an understanding for the slow return and graded 

exposure to a wide range of food consumption as used in cognitive behavioral treatments for EDs 

(e.g., Fairburn 2008) [55] and the judicious use of antipsychotic medication to reduce arousal during 

early refeeding and their possible benefits in the treatment of AN [56]. 

5. Conclusions 

The present study supported previous research in finding various patterns of neural activation in 

response to high and low-energy food images, particularly in young women with AN compared to 

HCs, when satiated. Further research in larger samples also examining responses when hungry, and 

with a longitudinal follow-up before and after weight regain is needed. This may offer broader 

understandings and potential clinical applications. Our findings do highlight the importance of the 

arousal of primary emotive responses particularly disgust evoking foods in people with EDs.  
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