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Objectives 

•  Understand the role of planning and impulsivity and BMI 
change in female children 

•  Understand the impact of a multidisciplinary intervention 
on impulsivity and the role this may play in weight loss 

•  Understand the relationship between saturated fat intake 
and cognitive flexibility 



Childhood Overweight and Obesity in the US 

•  Childhood overweight or obesity prevalence prevalence for all race/Hispanic 
groups for children aged 2 to 19 years old:  31.8%  

•  Childhood obesity prevalence for all race/ethnic groups for children aged 2 to 
19 years old: 16.9% 

 
 
 
 

Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and adult obesity in the United States, 2011-2012. JAMA. 2014;311(8):806-814. 



http://stateofobesity.org/obesity-rates-trends-overview/ 



Weight Status Category Percentile Range 

Underweight Less than the 5th percentile 

Normal or Healthy Weight 5th percentile to less than the 85th percentile 

Overweight 85th to less than the 95th percentile 

Obese 95th percentile or greater 

http://www.cdc.gov/obesity/childhood/defining.html 

Defining Childhood Overweight and Obesity 



What behaviors or factors do you 
think contribute to childhood obesity/

overweight? 





What is executive functioning? 



What is executive functioning? 
•  Planning 

•  Decision-making 

•  Problem-solving 

•  Regulation- inhibition   

•  Mental flexibility 

•  Delayed gratification 

 

 
 
Liang J, Matheson BE, Kaye WH, Boutelle KN. Neurocognitive correlates of obesity and obesity-related behaviors in children and adolescents. Int J Obes (Lond). 2014;38(4):494-506. 

 





Brain Anatomy 





Tools to assess impulsivity 
Tool Scoring 

CSI-4: Child Symptom 
Inventory, 4th edition 
  

Individual questions ranging from 0 
(never) - 3 (very often) 
  
Total range 40-97 with higher values 
indicating greater impulsivity 

UPPS-P 
  

Responses range from 1 (strongly 
agree) - 4 (strongly disagree) with 
higher values indicating more 
impulsivity 



CSI-4: Child Symptom Inventory, 4th edition 



Tool to assess planning 
Tool Scoring 

WISC-III-R: Wechsler 
Intelligence Scale for 
Children-Third Edition, 
Revised 
      Mazes Subtest 
 
      Vocabulary and Similarities 
Subtest 

Mazes: Total range 1-19 with lower 
scores indicating poorer planning 
abilities 
 
Vocabulary and Similarities Subtest: 
Total range 51-149 with lower 
scores indicating poorer verbal 
comprehension 



Mazes Subtest 



What is this picture?  

 

What does ‘simple’ mean?  

 

How are whales and lions similar? 

Vocabulary and Similarities Subtest Sample 
Questions 



Tools to assess flexibility and decision making 

Behavior Tools Used Scoring 

Stroop color-word test 
  

Scores calculated based upon 
regression equations-T-score, 
flexibility 

Switch Task Greater accuracy and faster time 
reflex higher cognitive flexibility 

Iowa Gambling Task Positive scores- preference for safe, 
advantageous decks 
Negative scores- preference for 
risky/disadvantageous decks 





https://www.youtube.com/watch?v=A6SsQIyJMhs 



Weight Gain, Executive Functioning, and Eating 
Behaviors Among Girls-Goldschmidt et al. 

•  Objective: to explore further the relationship between executive functioning 
and changes in body weight and to determine if binge eating behaviors 
mediate this relationship 

•  Sample: 2450 girls from the Pittsburgh Girls Study 

•  Methods: Longitudinal study; The behavior measure of planning, Mazes 
subtest, and a parent-report measure of impulsivity were tested at age 10. 
Self-report measure of binge eating  was tested at ages 10, 12, and 14. 
investigator-measured BMI was calculated every year from 10 to 16.  

•  BMI changes, binge eating frequency, and impulsivity and planning were examined  

 

 

 

 

Goldschmidt AB et al. Weight gain, executive functioning and eating behaviors among girls. Pediatrics 2015; 136: e856-63. 

Goldschmidt AB et al. Weight gain, executive functioning and eating behaviors 
among girls. Pediatrics 2015; 136: e856-63. 



•  Exclusion criteria 

•  Presence of mental retardation  

•  Plans to relocate during the study period 

 

•  Inclusion criteria 

•  Family living at or below 25% poverty level 

•  Girls 7 years old at the start of the study 



Behavior Tools Used Scoring 

CSI-4: Child Symptom 
Inventory, 4th edition 
  

Individual questions ranging from 0 
(never) - 3 (very often) 
  
Total range 40-97 with higher values 
indicating greater impulsivity 

WISC-III-R: Wechsler 
Intelligence Scale for 
Children-Third Edition, 
Revised 

 Mazes Subtest 
 
          Vocabulary and Similarities 
Subtest 

Mazes: Total range 1-19 with lower 
scores indicating poorer planning 
abilities 
 
Vocabulary and Similarities Subtest: 
Total range 51-149 with lower 
scores indicating poorer verbal 
comprehension 







Limitations 
•  Limited inclusion and exclusion criteria 

 

•  The assessment of executive functioning was limited to planning and 
impulsivity and did not address other domains 



Conclusions 

•  Executive functioning (planning and impulsivity) can 
predict weight gain through childhood and adolescence 

•  However, there are likely other factors contributing to 
weight gain 



Body mass correlates inversely with inhibitory 
control in response to food among adolescent 
girls: An fMRI study- Batterink et al. 

•  Objective: to use functional magnetic resonance imaging (fMRI) to 
investigate neural activations during a food-specific go/no-go task in 
adolescent girls ranging from lean to obese 

•  Sample: 35 adolescent girls for behavioral analyses; final n of 29 for fMRI 
analyses 

•  BMI range= 17.3–38.9 

•  2% Asian/Pacific Islanders, 2% African Americans, 86% European Americans, 5% Native 
Americans, and 5% mixed racial heritage 

Batterink L, Yokum S, Stice E. Body mass correlates inversely with inhibitory control in response to 
food among adolescent girls: An fMRI study. Neuroimage. 2010;52(4):1696-1703.   



•  Inclusion Criteria 

•  Female adolescent 

•  Exclusion Criteria 

•  Binge eating or compensatory behaviors in the past 3 months, any use of 
psychotropic medications or illicit drugs, head injury with a loss of 
consciousness, or current Axis I psychiatric disorder 



•  Cross-sectional design 

•  Functional magnetic resonance imaging (fMRI) was used to investigate potential 
BMI-related differences in neural recruitment during response inhibition 

•  go/no-go paradigm was designed to examine inhibition of prepotent 
responses to appetizing food items 

 

 

 

 

Methods 

= go trial  

= no-go trial 



•  Subjects were instructed to respond with a button press to all vegetables, but 
to withhold their responses to desserts, and to respond as quickly and 
accurately as possible. 

•  go trial= 75% occurrence 

•  no-go trial= 25% occurrence  

 

•  Two functional runs were carried out. Each run consisted of 48 trials. For 
each trial, a picture of a vegetable or a picture of a dessert was presented for 
500 millisecond 

Methods 



Fig. 1. Scatterplot showing reaction times to go trials plotted as a function of BMI 
(N= 35). Subjects with higher BMIs showed significantly faster reaction times. 



Fig. 2. Scatterplot showing rate of commission errors (%), calculated as the number of 
commission errors divided by the total number of no-go trials, plotted as a function of 
BMI (N= 35). Subjects with higher BMIs showed a significantly higher rate of 
commission errors. 



Fig. 3. Coronal section showing less activation in the bilateral superior frontal gyrus (−21, 12, 57, Z=3.96, 
pFDR=0.003) extending into middle frontal gyrus in response to picture of dessert versus baseline fixation 
as a function of BMI. Although the correlation appears to be driven by 2 outliers, the effect remains 
significant at the p=0.05 level when outliers are excluded. 



Fig. 4. Coronal section showing less activation in the right VLPFC (36, 42, 0, Z=3.93, pFDR=0.008) in 
response to picture of dessert versus baseline fixation as a function of BMI. Again, exclusion of the 2 
apparent outliers still results in a significant effect at the p=0.05 level 



Fig. 5. Axial section of less activation in a region of the OFC (45, 33, −6, Z= 4.30, pFDR= 0.002) in 
response to picture of dessert versus baseline fixation as a function of BMI. Again, the effect remains 
significant at the p= 0.05 level when the two apparent outliers are excluded. 



•  Small sample size 

•  Partially due to excessive head movements during the scan 

•  Did not use BMI %tiles 

•  Limited demographic information  

•  Limited inclusion and exclusion criteria 

•  The researchers may have extrapolated the data 

 
 

Limitations 



•  The fMRI findings indicated a negative correlation between BMI and 
activation throughout various portions of the prefrontal cortex  

 

•  The results from the study can suggest a link between childhood obesity and 
impulsivity 

Conclusion 



Now that we’ve seen evidence that 
executive functioning and cognitive 
control can play a role in childhood 

obesity, WHAT CAN WE DO? 



Effects of a Multicomponent Behavioral Intervention 
on Impulsivity and Cognitive Deficits in Adolescents 

with Excess Weight- Delgado-Rico et al. 
•  Objective: Determine whether changes in impulsive personality and  

cognitive skills predict changes in BMI after a multidisciplinary behavioral 
intervention (cognitive behavioral therapy, physical activity, dietary 
counseling) 

•  Sample: n=42 overweight or obese adolescents  

•  Methods: Pre-post, 12 week intervention 

•  Tools: UPPS-P scale (impulsive personality), Stroop, Iowa gambling task (cognitive 
performance) 

Delgado-Rico E, Rio-Valle JS, Albein-Urios N, Caracuel A, Gonzalez-Jimenez E, Piqueras MJ, Brandi P, Ruiz-Lopez IM, Garcia-Rodriguez I, Martin-Matillas M, et al. Effects of a 
multicomponent behavioral intervention on impulsivity and cognitive deficits in adolescents with excess weight. Behav Pharmacol 2012;23:609-15. 

 

 



Behavior Tools Used Scoring 

UPPS-P 
  

Responses range from 1 (strongly 
agree) - 4 (strongly disagree) with 
higher values indicating more 
impulsivity 

Stroop color-word test 
  

Scores calculated based upon 
regression equations-T-score 

Iowa Gambling Task Positive scores- preference for safe, 
advantageous decks 
Negative scores- preference for 
risky/disadvantageous decks 





   
   
    
   
  
  
  
  
   
  
  
  

“Dietary prescriptions were implemented during 
sessions 2, 5, and 8, corresponding to the 
prescription of closed diets (3 weeks), 
supervision and prescription of closed diets with 
selected meals (3 weeks), and super- vision and 
prescription of extensive diets (3 weeks), 
respectively.”--- What does this mean??? 

  
   
  
  
   
   



Statistics 
•  Related sample t-tests- baseline and post treatment 

•  impulsivity 

•  cognitive performance 

•  BMI 

•  For those with significant differences, calculated change scores  with regressing 
baseline scores over post-treatment scores and saving the standardized residuals 

•  Linear regression models using impulsivity and cognitive performance 
change scores as predictors of BMI change scores as the treatment outcome 
variable 







Limitations  
•  No control group 

•  No separate arms with diet/exercise vs behavioral intervention 

 

Conclusions 
•  Multicomponent intervention resulted in changes in negative urgency and 

inhibitory control along with BMI loss 

•  Dietitians can be influential components of multidisciplinary weight loss 
teams 



The relation of saturated fats and dietary cholesterol to 
childhood cognitive flexibility - Khan et al.  

•  Objective: Examine associations between saturated fat and cholesterol 
intake and cognitive flexibility 

•  Sample: n=150 children aged 7-10, subsample of FITKIDS, healthy weight 
and obese 

•  Methods: Cross sectional  
Khan NA, Raine LB, Drollette ES, Scudder MR, Hillman CH. The relation of saturated fats and dietary cholesterol to childhood cognitive flexibility. Appetite 2015;93:51-6. 

 

 

•  Kaufman Brief Intelligence Test (IQ) 
•  Socioeconomic status 
•  Tanner Staging (pubertal status)    
•  Diet recall 

 

•  Height, weight, BMI percentile (CDC) 
•  Aerobic fitness 
•  Switch task (cognitive flexibility) 

 



•  Colors (blue, green) 

•  Shapes (square, circle) 

•  Homogeneous 

•  Heterogeneous- must shift between color and shape response based upon 
cue from character 

•  Left hand- blue or circle 

•  Right hand- green or  square 

 

Switch Task 



Homogenous 



Let’s start with colors…. 











Now shapes….. 











Heterogeneous 



Arms up: Shape Arms down: Color 













Switch Task 
•  Greater accuracy, faster completion time 

•  Greater cognitive flexibility 

•  Global switch cost 

•  Homogeneous vs. heterogeneous conditions 

•  Multiple task sets in working memory 

•  Local switch cost 

•  Switch vs. non-switch trials 

•  Activating current task and deactivating previous task 



Results 



Dietary Intake 





Conclusions 
•  Strength-controlled for factors known to have impacts on cognitive flexibility  

•  Saturated fat and cholesterol intake may compromise cognitive flexibilty  

Limitations 
•  Cross sectional- cannot determine causation 

•  Poor cognitive flexibility may cause poor dietary choices 

•  Dietary intake based upon one 24 hour recall 

•  Did not account for micronutrient intake 



Overall Conclusions 
•  Cognitive control plays a role in childhood obesity and eating behaviors 

•  Improved cognitive control predicts BMI change 

•  Role of nutrition in combination with cognitive interventions have not been 
well described 

•  Macronutrient intake (saturated fat) may play a role in cognitive flexibility 

•  Need for consistent tools to translate research 

•  NIH toolbox 



Discussion Questions 
•  How do you envision incorporating cognitive control in counseling sessions? 

•  Is it feasible to work as an interdisciplinary team to implement this type of 
intervention?  

•  Have you seen this in practice? What are strengths or weaknesses? 

•  How do you feel this area of research could be improved? 

•  How would you incorporate research regarding saturated fat and cognitive 
flexibility when counseling patients, if at all? 
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Questions? 


