
BRAIN-BEHAVIOR 

RELATIONSHIPS IN TYPE 2 

DIABETES 

Peter A. Hall, Ph.D., C.Psych 

Faculty of Applied Health Sciences 



Overview 

• Introduction to the concept of executive control 

 

• Brain regions to support executive control 

 

• Significance of executive control for self-management 

 

• A trial to enhance self control resources among those living with 

T2DM 

 

• Question and answer period. 



Questions to be answered: 

1. What are ECRs?  

2. Why should we care about them?  

3. Under what conditions are they most relevant? 

4.  How can we increase them? 

5. Can we apply this to T2DM?  

6. Can you help?  



What is self-control? 

 

Often involves 

suspending an action 

that would otherwise 

occur (i.e. suspending a 

“default”). 

 

The act of suspending 

this default is a 

behavioral 

manifestation of “self-

control.” 



… but its also the act 

of making yourself do 

something you 

wouldn’t otherwise do. 

 

(also involves 

suspending a default) 





Executive control resources 

(ECRs) 

• Brain based resources that enable us to 

control  
– Emotions (e.g., reflexive “default” responses… 

surprise, anger, fear … even glee). 

– Cognitions (e.g., thoughts, images) 

– Behaviors (e.g., acts of omission, acts of comission) 



Eat potato chips! 



Eat potato chips! 

Mmm!!! 



Eat potato chips! 

No thanks! 



What is the “seat” of 

cognitive control? 
 

• No single structure; only networks of neurons, 

which connect to other centres/structures. 

 

• But there exist important nodes in these neural 

networks. 

 

• One very central node is the prefrontal cortex. 



Prefrontal cortex (PFC) 



How do we measure the 

operation of the PFC? 
• Neuroimaging paradigms (fMRI and EEG) 

– Suitable for small samples … 10-30 

participants. 

 

• Reaction time paradigms (Stroop, Go-

Nogo) 

– Suitable for larger samples … 100-300. 



ECRs  dietary behavior? 

 



Hall, Epp, Elias et al. (2008) 



Do ECRs predict 

consumption of high calorie 

foods? 



ECRs 
Fatty Food 

Frequency 

Stroop GNG 
NCI 

Screen 

Covariates: 

 

Age 

Sex 

SES 

BMI 

IQ Hall (2012) 



ECRs 
Fatty Food 

Frequency 

-.258*** 

Hall (2012) 



ECRs 
Fatty Food 

Frequency 

-.264** 

Covariates: 

 

Age 

Sex 

SES 

Hall (2012) 



ECRs 
Fatty Food 

Frequency 

-.270** 

Covariates: 

 

Age 

Sex 

SES 

BMI 

Hall (2012) 



ECRs 
Fatty Food 

Frequency 

-.272** 

Covariates: 

 

Age 

Sex 

SES 

BMI 

IQ 

Hall (2012) 



ECRs 
Fatty Food 

Frequency 

Younger (18-45) 

-.309 

ECRs 
Fatty Food 

Frequency 

Middle (18-45) 

-.202 

ECRs 
Fatty Food 

Frequency 

Younger Adults (18-

45) 

-.290 

Hall (2012) 



Under what circumstances? 

• Restraint 

 

• Facilitation 

 

• Neutral 
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ECRs  other health 

outcomes? 
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Hall, Crossley & D’Arcy (2010) 



Does aging influence ECRs? 

• Generally speaking, the brain is no 

different from other organs in your body. 

 

• As we age, it functions not quite as well! 

 



Aging and the Human Brain 

• However, some functions are affected 

more than others. Those first to show 

signs of age are: 

 

– Memory 

– Executive function 

 !!! 



How can we bolster ECRs? 

 

 

 



Two Types of Exercise: 

1. Aerobic exercise: builds endurance, 

continuous, gets your heart beating.  

– Brisk walking, running, cycling. 

 

2. Resistance exercise: builds muscle 

mass, intermittent. 

– Weights, exercise bands. 



Aerobic 



Resistance 



Can Exercise help offset the 

effects of aging? 

 

Some evidence 





Study 1 Findings 

• Those in the Hi Fit group performed 

significantly better than Lo Fit group. 

 

 

 

 





Two Studies (cont’d) 

Study 2: 

 

• Experimental design (RCT) 

• Randomly assigned older adults to two 
groups: 

– Aerobic (walking)—6 mo. 

– Anaerobic exercise (toning)—6 mo. 

• Assessed EF and brain activity. 
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Background 

Hippocampus is implicated in learning and memory. Along with executive function, these 
abilities decline with presence of Alzheimer’s disease and with advancing age. 

 

• Deterioration of memory performance in Alzheimer’s disease is closely matched by 
deterioration in the hippocampus.  The hippocampus and frontal lobes are the first affected. 

 

• Even in normal aging, hippocampal volume steadily decreases (about 1-2% of volume per 
year in older adulthood). 

 

• This volume loss is thought to cause the deterioration of memory skills among older 
adults. 

 

 

Question: Can we reverse the deterioration of the 
hippocampus? .. And can exercise help? 



What did they do? 

• Randomly assigned 120 older adults to: 
– Yes! You got it… Aerobic (walking) exercise—12 mo. 

– Anaerobic (toning) exercise—12 mo. 

 

• Structural MRI scans completed at: 
– Pre-Tx 

– Mid point (6 mo) 

– Post-Tx (12 mo.) 

 

• Assessed volume of the hippocampus (target area) 
plus two control regions. 
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THAT’S ABOUT THE SAME AS 

THE AVERAGE 1-2 YR LOSS! 



Conclusions 
• Exercise is good for your brain! 

 

• It enhances two types of brain function that are crucial to diabetes 

management: 

– Executive function 

– Memory 

 

• Including both aerobic and resistance training has the potential to 

help you live a better life, and also manage your condition. 

 

• There is still a lot left to learn! We are conducting studies here at 

UW to find out more about the link between exercise and brain 

function in those living with diabetes. 

 



What does this have to do 

with diabetes? 
1. Some evidence that T2DM accelerates age related 

cognitive decline. 

 

2. The cognitive functions most effected in T2DM are 

those associated with the PFC. 

 

3. Executive functions are necessary for self-care 

behavior performance. 



Want to help out? 

• We are recruiting people with Type 1 and 2 diabetes for exercise 

studies at the University of Waterloo! 

 

• We need people who currently exercise AND those who do not 

currently exercise. 

 

• On your table you will find a card that you may fill out to provide your 

contact info. 

– If you want to be contacted to participate, pls fill out and return 

before you leave tonight. 



UPCOMING INTERVENTION TRIAL: 

 

DETEC trial 
 



DETEC Trial 

Aerobic 

Training 

Strength 

Training 

Treatment 

as usual 

Baseline 

sample 

Follow-up 

Follow-up 

Follow-up 

N=60 

N=60 

N=60 

3 mo. 3 mo. 



Outcomes 

1. Cognitive function 

– Executive control resources 

– Global cog function 

– Memory 

 

2. Glycemic control (A1C) 

 

3. Self care behaviors 

– Medication adherence 

– Dietary behavior 

– Foot care behaviors 
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Training 

Self-Care 

Behavior 
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Details 

WHO? 
• Over 55 years of age 

• Diagnosis of T2DM (no T1s involved in this trial). 

• A1C over 7.0 

• Currently taking hypoglycemic medications (Metformin etc.). 

 

WHEN? 
• Recruitment starting in May of 2013. 

 



Where? 



Benefits? 

• Learn more about the potential utility of 

exercise in enhancing outcomes 

 

• Potential to build evidence base on 

facilitating factors for dietary change, and 

medication adherence. 



Pilot Study 

 

• MA project: Corrie Vincent (SPHHS 

student) 

• Recruiting 20 participants with T2DM. 

• We could use your help! 

 



THANK YOU! 


