
 

 

 

Food Intake and Neural Food Responses in Lean, 

Overweight and Obese Adolescents 

Review of Literature 

•Worldwide obesity (BMI ³30kg/m2) rates have more than 

doubled since 1980 (WHO, 2012) 

•Overweight/obesity represent 5th leading risk for global 

deaths (WHO, 2012) 

•Related conditions:  

 - Heart disease    - Diabetes 

 - Cancers     - Dyslipidemia 

 - Stroke      - Sleep apnea 

 - Hypertension 

Methods  Research Objectives 

•Observe food intake differences between low-weight, mid-weight, overweight, and obese adolescents 

•Compare brain activation differences between lean and overweight/obese adolescents 

Eating Behavior Results  

Before the fMRI scan  

•About an hour 

•Presentations: 

 –high energy-dense food words 

 –low energy-dense food words 

 –non-food (control) office supply words  

•Three “runs” 

•Randomly comprised of 9 of each  word type 

•Stimuli similar in word length & syllabi number 

The fMRI scan  

•Drank 2 bottles of Boost 

•Signed HIPAA and consent forms  

•Questionnaires to determine eligibility 

•Height & weight measured to determine BMI 

•Trained on the fMRI word stimuli task 

fMRI Paradigm 

Buffet Meal Set Up 

Food Intake Differences Based on Weight Groups BMI Z-Score and Total Food Intake Correlation 

Prevalence & Risks of Overweight/Obesity  

in Adulthood  

Prevalence of Child and Adolescent  

Overweight/Obesity  

Child & Adolescent Overweight/Obesity Risks  

•Obese children: 

–High blood pressure (Freedman et al., 2007) 

–Type 2 diabetes (Whitlock et al., 2005)  

–Sleep apnea (Han et al., 2010)  

–Impaired psychological well-being  

 (Dietz, 1998; De Niet et al., 2011) 

–Likely to become obese adults  

 (Guo et al., 2002; Biro et al., 2010) 

•Adolescence: 

–Radical behavioral/psychological changes (Alberga et al., 2012) 

–Variation in BMI resulting from pubertal status  

   (Medscape Reference, 2012) 

Sample Characteristics of Total Participants 

  Different Weight Groups 

 

  

 Low-weight Mid-weight Overweight Obese  

  Less than 50th 

percentile 

(n=11) 

50th to less 

than 85th  

percentile 

(n=14) 

85th to less 

than 95th  

percentile 

(n=4) 

95th & greater 

than 95th  

percentile 

(n=6) 

  

Total 

(n=35) 

Age 16.1 ± 2.0 15.4 ± 1.3 16.0 ± 2.3 15.5 ± 1.4 15.7 ± 1.6 

BMI 19.2 ± 1.2
 
 22.3 ± 1.3

 
 26.2 ± 1.9

 
 37.0 ± 5.7

 
 24.3 ± 6.7 

BMI  

percentile 

30.8 ± 10.8 69.6 ± 10.9
 
 90.3 ± 1.7 98.2 ± 1.6 64.7 ± 27.1 

BMI z-score -0.5 ± 0.3
 
 0.5 ± .33

 
 1.3 ± 0.1

 
 2.3 ± 0.3

 
 0.6 ± 1.0 

Male 6 (55%) 6 (43%) 3 (75%) 3 (50%) 18 (51%) 

Female 5 (45%) 8 (57%) 1 (25%) 3 (50%) 17 (49%) 

  Different Weight Groups   

  lean  

(n=15) 

overweight/obese (n=7) Total  

(n=22) 

Age 15.3 ± 1.5 16.0 ± 1.7 15.5 ± 1.6 

BMI 20.7 ± 2.1
 
 33.6 ± 7.9

 
 24.8 ± 7.6 

BMI percentile 52.1 ± 23.0
 
 94.7 ± 4.5

 
 65.6 ± 27.8 

BMI z-score 0.1 ± 0.7
 
 1.9 ± 0.6

 
 0.6 ± 1.1 

Male 9 (60%) 5 (71%) 14 (64%) 

Female 6 (40%) 2 (29%) 8 (36%) 

Sample Characteristics of Participants  

(fMRI Results) 

Hypotheses  

•H1= As adolescent’s weight increases, food intake will increase (particularly of high energy-dense foods) 

•17% of U.S. children and adolescents are obese  

(Ogden et al., 2012) 

 

* = p < 0.05   

•H2= Overweight/obese adolescents will show greater brain activation responding to high ED food words in regions associated with 

appetitive reward (such as the striatum and orbitofrontal cortex), taste processing (such as the insula), and emotion, memory, and mo-

tivation (such as the hippocampus).  

•H3= Lean adolescents will have greater brain activation when presented with high ED food words in regions associated with satiety 

and restraint (such as the anterior cingulate cortex).  
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Obese vs. Lean 

    MNI coordinates 

Region Side x y z 

Hippocampus L -27 -34 -2 

Brainstem R 6 -43 -47 

Superior Parietal Lobule L -30 -46 70 

Postcentral Gyrus L -33 -34 40 

Inferior Occipital Gyrus R 39 -85 -11 

Precentral Gyrus R 60 14 34 

    MNI coordinates 

Region Side x y z 

Cerebellum L -24 -64 -44 

Inferior Frontal  

Operculum 

R 63 11 7 

Orbitofrontal Cortex L -39 32 -8 

Orbitofrontal Cortex R 48 26 -14 

Inferior Parietal Lobule L -36 -73 49 

Postcentral Gyrus R 30 -40 64 

Middle Temporal Gyrus L -54 -40 -2 

•Lean adolescents: greater activation in cerebellum when observing high ED foods 

 –Associated w/ motor learning, emotion, attention, motivation  

 (Carnell et al., 2012; Killgore et al., 2003) 

 –Role in food responding  (Ochner et al., 2011) 

•Obese adolescents: greater activation in hippocampus when observing high ED foods 

 –related to emotion and memory (Carnell et al., 2012) 

 –mediate motivational effects of food cues   (Stoeckel et al., 2008) 

 –reward and motivation (Plassman et al., 2008; Wallner-Liebmann et al., 2010). 

•Lean adolescents: greater activation in orbitofrontal cortex (OFC) when observing high ED foods 

 –reward of food stimuli  (Killgore et al., 2003) 

 –the pleasantness ratings of the taste and smell of food  

 (Kringelbach et al., 2003; Rolls and Grabenhorst, 2008) 

 –to underlie termination of eating (Small et al., 2001) 

•Small sample size 

•Time restraints 

•Food word usage 

Eating Behavior Differences Between 

Obese vs. Normal Weight Individuals  

•Obese individuals: 

 –Excessive energy intake (Schwartz et al., 2000) 

 –High energy-dense diet (Ledikwe et al., 2006) 

 

•Obese children: 

 –Higher food responsivity/lower satiety responsivity                      

(Carnell et al., 2008; Webber et al., 2009; Viana et al., 2008)  

 –Increased intake of palatable foods (Hill et al., 2008) 

Influences on Obesity 

Neuroimaging and Obesity  

•Neuroimgaging technique:  

 –Functional Magnetic Resonance  

 Imaging  (fMRI) 

•To observe responses to food & non-

food items  

 (St-Onge et al., 2005; van der Laan et 

 al.,  2011) 

Neural Responses in Obese & Lean Individuals  

•Increased BMI -> activation in anterior insula, orbitofrontal 

cortex (OFC), posterior cingulate (Rothemund et al., 2007) 

•Obese individuals show greater activation: 

 –high calorie foods: areas that mediate motivational effects 

of  food cues (Stoeckel et al., 2008) 

Neuroimaging Studies in Adolescents  

•Adolescence 

 –Changes in frontal & parietal neural networks involved in 

 spatial working memory change (Shweinsburg et al., 2005) 

 –Changes in functional integration relating to emotion  

 (Burnett et al., 2009) 

•Obese adolescents: 

 –Greater activation in anterior/middle insula &  

 somatosensory brain areas (Rosenbaum et al., 2008) 

Bibliography 

Limitations fMRI Results 

Comparison Condition 1- 

 high energy dense vs. low energy dense foods  

Lean vs. Obese 

Comparison Condition 2- 

 high energy dense foods vs. control objects  

Conclusion 

Eating Behavior Differences Between 

Obese vs. Normal Weight Individuals  

Influences on Obesity 

(Carnell et. al. 2012) 

p < 0.05 
p < 0.05 


