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Social cultural & environmental factors  

Inhibitory control: Prefrontal cortex 

Bottom-up and Top-down Model of Appetitive systems in the 
brain 

CONSCIOUS, CONTROL RESPONSES,  AUTOBIOGRAPHICAL SELF, Volitional, 
learned, partly automatic, controllable, adaptable  
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Anorexia > Drug Addiction 

• Excessive control of appetite > Lack of cognitive control 

• Appetite hijacked by cognitions > Hijacked by dopamine 
stimulation 

• Highly supportive families > High levels of childhood trauma 

• Socially withdrawn, restrained > Gregarious, impulsive 

• High achievers at school > Often drop out before 
matriculation 

• High social functioning > High levels of crime, often prison 

• DO EATING DISORDERS AND SUBSTANCE ABUSE DISORDERS 
FALL ON THE SAME SPECTRUM…..? 

 

 



A spectrum model of disordered eating 
behaviour 



• Striatum: 

↑ caudate activation = healthy response to 
food images (Siep et al., 2008) 

 

↑ caudate activation in recovered AN 
(Wagner et al., 2007) 

 

Cortical & Subcortical dysfunction in 

eating disorders 

•DLPFC: 

↑ Activation in women with anorexia (Uher 

et al., 2003, Brooks et al 2011, 2012) 

Fronto-Striatal Circuits: Deficient activation in BN (Marsh et al., 

2009) 



Cortical & Subcortical volume in 

methamphetamine addiction 



ACC, DLPFC and frontal control of 
striatal processes 



From anorexia to control of appetitive 
behaviours… 



The problem of addiction 



The problem of addiction 

ABSTINENCE 



Abstinence?  Easier said than done! 



Prefrontal cortex and appetite 
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Appetite involves brain regions that… 

• Regulate the secretion of hormones (HPG) 

• Control cognitions about self and goals (PFC) 

• Influence body image (somatosensory cortex) 

• Alter sensation/feeling in the body (insula) 

• Control impulsive responses (dorsal striatum) 

• Promote learned responses (ventral striatum) 

• Determine the salience of the stimulus 
(amygdala) 

 

 

 



Excessive cognitive control of eating 

I think it 

So I won’t eat it 

https://www.sciencenews.org/article/anorexic-brain 



• Dysfunctional cognitions often appear 
before….. 

• Starvation effects and reduced eating 

• In childhood, before an eating disorder 

• And dysfunctional cognitions often remain 
after weight recovery.  SO: 

• EATING DISORDERS are COGNITIVE 
DISORDERS 

Excessive cognitive control of eating 



What do we know so far? 

Brooks et al., 2012, BMC Psychiatry 
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Some key brain regions involved in 

appetite regulation 
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Some key brain regions involved in 

appetite regulation 
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HEALTHY versus 

Anorexia 
BINGE PURGE versus Restricting Anorexia 

Brooks et al. BMC Psychiatry (2011) 

STRUCTURAL BRAIN DIFFERENCES IN ANOREXIA AND HEALTHY 



Restraint and BMI predicts 57% of variance in the DLPFC volume in anorexia 

Regression analysis 

with VBM data: 

Brooks et al. BMC Psychiatry (2011) 

HEALTHY ANOREXIA 



VBM data from Sweden: 

Left DLPFC reduction in obese v lean elderly men and women, 

linked to worse working memory performance 

Brooks SJ et al. (2013) Late-life obesity is linked to working 
memory deficit and smaller left frontal gray matter volume. 
International Journal of Obesity 



Working memory, rumination and 
appetite control 

• “Working memory” training activates the 
dorsolateral prefrontal cortex (DLPFC) 
 

• People with anorexia appear to be very good at 
working memory tasks (paper in prep) 

 
• DLPFC is linked to ruminations about food in 

people who control their appetite (anorexia) 
 
• Can we use a working memory training to 

strengthen drug addicts’ brain? 
 

 



How does this link to appetite control 
in Cape Town… 



Cognitive training of appetite control 
in methamphetamine addiction 



What we don’t yet know…. 

 Is working memory compromised in patients being 

treated for methamphetamine addiction? 

 

 Does 4 weeks’ of progressively difficult working memory 

training improve general working memory performance in 

those being treated for addiction? 

 

Do brain changes link to neuropsychological variables 

(e.g. for cognitive control and impusivity)? 

 

Can we alter brain structure and function (neuroplasticity 

effects) with working memory training for those with a Hx 

of addiction to methamphetamine? 

 

 



The DLPFC…. 



Inpatient treatment center for 
addiction, Cape Town 



Experimental Schedule 

8 week DBT/CBT Activity 

Week 1 Initiation at the clinic  
(researchers not allowed!) 

Week 2 SCID/Baseline scan/Psych measures 

Week 3 Cognitive training week 1 

Week 4 Cognitive training week 2 

Week 5 Cognitive training week 3 

Week 6 Cognitive training week 4 

Week 7 Follow up scan/Psych measures 

Week 8 Discharge 



Treatment provision 
• Cognitive behavioural therapy (CBT) 
• Dialectical behaviour therapy (DBT) 
• Pharmacological intervention if necessary 

(methylphenidate, antipsychotics, antidepressants, 
antiretrovirals) 

• Mindfullness based stress reduction 
• Group therapy 
• One-to-one with clinical case worker 
• Vitamins, 6 meals/snacks per day 
• Home visits at weekends after 4th week. 
• Gender-segregated dorms (4 per bedroom) 
• Movie evening (addiction-related) 
• Positive affirmations, arts and crafts classes 
• Rise: 6am, Sleep: 10pm. Classes and activities the whole 

day/8 weeks 
 



Strengths/weakness of this study: 

+ All patients in same controlled environment 

+ Good participation/support from clinicians 

+ Patients happy/eager to take part 

+ Large recruitment numbers 

- Some drop-out in follow-up session 

- Patients move a lot in scanner 

- Variability in socio-economic background 

- Some cognitive training data excluded 



Neural correlates of working memory 
training in methamphetamine addicts 

Meth patients 

(n=27/40) 

Healthy controls (n=20) 

Baseline brain scan and neuropsych 

measures 

TAU: CBT, DBT 

(n=12/20) 

TAU + Cognitive training 

(n=15/20) 

Follow-up brain scan and neuropsych 

measures (n=22/40) 



Neuropsychological Measures 
Measure Description 

VAS: Mood “How do you feel right now?” 

VAS: Desire for drug “How much do you want the drug?” 

VAS: Self control “How much self control do you have now? 

HADS Anxiety and depression 

Delay Discounting Questionnaire Delayed versus immediate gratification 

BIS Barratt Impulsivity Scale + Subscales 

SRQ Self Regulation Questionnaire 

Trail Making Task A + B Working memory paper and pencil 



What the cognitive training looks like: 

Play Video 



What is the cognitive training? 

• The ‘N-back task’, which consistently activates DLPFC in 
functional imaging studies 

• People with anorexia are expert at N Back 
• Starts on ‘0-back’ (press when you see ‘X’) 
• Then on subsequent days, ‘1-back’, ‘2-back’, ‘3-back’ 
• Half an hour per day, 5 days per week, 4 weeks 
• 5 minutes, with 1 minute break (countdown clock), 

repeated for ½ an hour. 
• Must achieve 80% on each level before moving on to 

next 
• Conducted in a room at the clinic on laptops 
 



Cognitive training in  adults with 
methamphetamine addiction 
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Cognitive training in  adults with 
methamphetamine addiction 
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Methamphetamine Hx (n=27) 
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Working memory before/after 
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Mood, desire for drug, feeling of self 
control 
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Hospital Anxiety and Depression 



Childhood Trauma Questionnaire 

0

10

20

30

40

50

60

70

80

90

100

CTQ emotional
abuse

CTQ emotional
neglect

CTQ physical
abuse

CTQ physical
neglect

CTQ sexual abuse CTQ total

Sc
o

re
 

Childhood Trauma Questionnaire Subscales 

Healthy Controls

CT baseline

NT baseline



Cognitive training : How does it 
influence the brain? 



Healthy Controls > All Baseline patients 
(p0.05 FWE corrected) 

All Baseline patients > Healthy Controls 
(p0.05 FWE corrected) 

Structural brain imaging data 
(corrected for age, total matter volume and average amount * duration of drug taking) 

Frontal 
Reduced in 
MA 
addiction 

Brainstem 
striatum 
increased 
in 
MA 
addiction 



Structural brain imaging data 
(corrected for age, total matter volume and average amount * duration of drug taking) 

Healthy Controls > Non-trained patients 
at follow-up (p0.05 FWE corrected) 

Healthy Controls  > Trained patients at 
follow-up(p0.05 FWE corrected) 

Precentral 
Gyrus  
Reduced in 
Non-
trained 

Visual 
cortex 
Reduced in 
trained 



Structural brain imaging data 
(corrected for age, total matter volume and average amount * duration of drug taking) 

Non-trained patients at follow-up > 
HC (p0.05 FWE corrected) 

Trained patients at follow-up > HC 
(p0.05 FWE corrected) 

No 

Significance 

Left rostrolateral 
OFC 
 
Bilateral 
precuneus 



Structural brain imaging data 
(corrected for age, total matter volume and average amount * duration of drug taking) 

Repeated measures COGNITIVE TRAINED (p0.05 FWE corrected) 

BASELINE PATIENTS (n=15) FOLLOW-UP PATIENTS (n=15) 

No 

Significance 

Bilateral subgenal ACC 





Functional brain imaging data 
(corrected for age, total matter volume and average amount * duration of drug taking) 

OneBack > ZeroBack Working Memory Task 

All baseline patients > Healthy Controls 



Functional brain imaging data 
(corrected for age, total matter volume and average amount * duration of drug taking) 

OneBack > ZeroBack Working Memory Task 

Cognitive trained repeated measures 
BASELINE  versus FOLLOW-UP 

BASELINE AFTER 4-WEEKS COGNITIVE TRAINING 



Take home message 

• Excessive control of appetite in anorexia, learn from 
them 

• Eating disorders are COGNITIVE DISORDERS 
• Involves ruminations using the DLPFC  
• Connections between PFC  (inc. ACC) and limbic 

regions for appetite 
• Neuroplasticity effects may increase neural 

structure/function with training 
• Strengthening PFC connections may help ‘appetite 

regulation’ in a range of ‘impulse control disorders’ 



THE FUTURE FOR OUR RESEARCH??? 



Cognitive training using a Smart Phone 
‘App’: 

ADDICTION 

TM 



Cognitive training using a Smart Phone 
‘App’: 

By Amy-Louise 
Snelling 
Designs  



The students of the future: 

• Vanesh Naidoo: Cognitive training in OCD 
Patients 

• Using the App to examine if OCD symptoms 
reduce 

• MSc Med in Neuroscience (by dissertation) to 
finish 2015 

• Plans for PhD in department, examining  

neural circuitry models 



The students of the future: 

• Matthew Snelling: Cognitive training in 
depression and OCD 

• Using the App to examine if depression 
symptoms reduce 

• BSc (Hons) Psychology 

• Plans for clinical training 

• App development/advertising 



The students of the future: 

• Kai Schramm: Cognitive training in nicotine 
addiction and OCD 

• Using the App to examine if nicotine cravings 
reduce 

• BSc (Hons) Psychology 

• Plans for MSc Med Neuroscience 

• App development/advertising 



The students of the future: 

• Melinda Simon: Statistical analyses of the 
neural meth data 

• Interested in writing a paper on delay 
discounting 

• BSc Psychology 

• Plans for BSc Hons Psychology 

• Doing lots more statistics! 
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