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Behavior Disorders and Obesity 

 Similar trends over the last 20 years 

◦ Increasing rates of child obesity  

◦ Increasing rates of child behavioral disorders 

 

 

◦ Are these trends are connected? 

 

 

 

 



Is there an Environmental link? 

 Too brief a time line to be explained by genetics 

 Both disorders are multifactorial 

 Diet and genetics no doubt involved 

 But can environmental toxicants play a role? 

Relevant Research Questions 

Do non-nutritional environmental factors induce both  

  via independent mechanisms? 

Does one disorder lead to the other? 

o Obesity and executive function are associated 

o If so, which comes first? 

 



Common Obesogenic Compounds  

 Relatively young literature on chemicals 

that disrupt metabolism 

 

 Endocrine Disruptors 

◦ Phthlates 

◦ BPA and phenols 

◦ Perflouryl alkyls 

 Inflammatory agents 

◦ Air pollution, metals 

 



Common Neurodevelopmental 

toxicants 
 Endocrine Disruptors 

◦ Phthlates 

◦ BPA and phenols 

◦ Perflouryl alkyls 

 Inflammatory 

◦ Air pollution, metals 

 

The list is almost identical 



Obesity and Neurotoxicants  

 Might Neurotoxicity cause obesity? 

 Or is Obesity neurotoxic? 

◦ Obesity is an system wide inflammatory state 

 

 Temporal relationship is key 

 But most research has been cross-sectional 

EnvironmentNeurotoxicityObesity 

EnvironmentObesity Neurotoxicity 



Fetal Origins of Disease  

 Fetal environment predicts adult 

health 

◦ Dutch Famine 

 Fetal Caloric restriction  

◦ adult obesity and metabolic syndrome 

◦ psychiatric diseases (executive function) 

 



Obesity and Fetal Programing  

 Obesity mechanisms 

◦ Most Research has focused on changes in 

metabolism 

 

 i.e. Fetal environment produces obesity 

◦ Via Insulin resistance 

 

 What about the role of the brain?  

 



Obesity and the Brain 

 Hypothalamus is an appetite center 

◦ Appetite regulating hormones include leptin, 

ghrelin, adiopnectin, cortisol  

 Behavior predicts obesity 
 Adipokines altered in psychiatric disease. 

 Poor executive function and obesity linked 

 Impulsivity /reward seeking are common in obesity 

 Delayed gratification and obesity 

 Marshmallow test 

 Most studies are cross sectional  
 



Thrifty phenotype and Brain 

 Evolutionarily – in utero programing of brain 

development to “seek reward” & to be 

“impulsive” would be adaptive if resources were 

scarce ex utero 

 

 



Fetal Environment, Brain, and 

Obesity 
 Many studies have looked at  

◦ fetal environment and neurodevelopment and 

◦ fetal environment and obesity  

 None have determined their interconnections 

◦ Is this part of the same evolutionary strategy 

that is maladaptive in the modern world.  

 



Executive Function and Obesity 

 Cognitive processes that regulate “goal 

directed behavior” 

◦ Attention (ability to stay on task) 

◦ Inhibitory control (Impulsivity) 

◦ Reward sensitivity (delay 

gratification/motivation) 

◦ Working memory (flexibility in strategy) 

 Associated with obesity 

◦ Inhibitory control most consistently  

 

 



Summary on Fetal environment, 

Brain and obesity 
 Obesity can be neurotoxic 

◦ Insulin resistance->obesity->poor 

development 

 Brain development can regulate food 

consumption 

◦ Poor development->obesity->Insulin 

resistance 



Programming Research in Obesity, 

GRowth, Environment and Social 

Stress(PROGRESS) 

 Prospective Birth cohort 

 Funded in 2006  

 R01 ES014930 Metal Mixtures and 

Neurodevelopment 

 R01 ES013744 Stress, Lead, Iron Defiiciency and 

Neurodevelopment 

 R01 ES 021357 BPA, Phthalates & Stress: 

Mechanisms And Interactions For Childhood Obesity 

funded in 2012 

 Can jointly study behavior and obesity  



PROGRESS Protocol  

• Study visits in 2nd and 3rd trimester, Delivery 
• Age 4-7 Neurobehavioral battery 
• Behavior(impulsivity, attention)  
• Cognition(IQ, memory, EF)  

• Obesity (BMI, %body fat, skin folds etc) 
 



Obesity, Behavior and Environment 

 Primary Relevant Exposures  

◦ Cause Oxidative Stress  

◦ Air Pollution (using NASA satellites) 

◦ Metal mixtures (using teeth) 
 arsenic (As), cadmium(Cd), cobalt(Co), chromium(Cr), cesium(Cs), 

copper(Cu), manganese(Mn), nickel(Ni), lead(Pb), antimony(Sb), 

selenium(Se), zinc(Zn) 

 

 



Conceptual Framework 

We believe the path is Oxidative stress->Neurobehavior->Obesity 



Continuous Performance Task  

Computerized  

assessment of sustained 

attention  

and inhibitory control/ 

impulsivity 

 



Continuous Performance Task  

◦ Errors of Omission (EO) 
 Number of Target Stimuli Missed 

◦ Errors of Commission (CE) 
 Responding after a non-target stimulus 

◦ Perseveration 

 reaction time that is less than 100 ms  

◦ Hit Reaction Time  

 the average speed of correct responses for the entire test 

◦ Impulsivity  Index uses commission, 
perseveration and hit reaction time to 
create a summary value of impulsivity.  

 



Results from PROGRESS Cohort 

 1) Air Pollution  

◦ PM2.5, measured daily using NASA satellites 

 2) Metal Mixtures  

◦ Measured weekly in Teeth (more explanation 

to follow) 

 

Will first show results for Kiddie Connor’s Continuous Performance  

Task (inhibitory control) age appropriate for 4 year olds 

 

Then a mediation analysis to assess the temporal pathway 



Satellite remote sensing for air pollution 

 Aerosol Optical Depth (AOD) measures light 
extinction by aerosol scattering and its absorption in 
the atmospheric column 

SURFACE 

AEROSOL 

Change in intensity of light 

Calibrated to ground monitors 



PROGRESS birth cohort (Woman-child pairs 

enrolled in 2nd trimester: 2007-2011) 

 



Air pollution 

 Measured Daily in Pregnancy 

 Can exploit this property to test for 

presence of critical windows 

◦ i.e. developmental life stage when you are 

sensitive to an environmental exposure 



Figure 1 Preliminary analysis evaluating associations between weekly  

average PM2.5 during pregnancy and Bayley Scales Score in 

of PROGRESS using distributed lag models with 1 week-specific effects. 

 

Example using daily PM data to assess developmental Windows 

Susceptibility window 



Distributed Lag Model Identifies PM Susceptibility Window Predicting Impulsivity 
 

DLM shows susceptibility window for PM predicting impulsivity over pregnancy. Plot 

shows change in odd ratio per day over pregnancy; significant betas are in part of 3rd-

trimester X axis is gestational age (days). Y axis = Beta; Windows are p<0.05 Gray area 

is 95%CI. The traditional approach missed this window- SeeTable 
Impulsivity Defined by K-Means Cluster

Susceptibility 
window

Gestational Age (days)

Traditional PM2.5 Regression  
Impulsivity Means cluster 
  βeta p-value 
T1 avg  -0.05  0.10  
T2 avg  0.01 0.80  
T3 avg  0.05 0.07  
All Pregnancy -0.08 0.12  
 
 

a Adjusted for child's sex, age, SES 
index 



Exposure timing….. Can we retrospectively assess 

Metals? 

Growth rings in a tree Growth rings in teeth 

Neonatal 

Line 

Images:  

-Dr. Grissino-Mayer 

-wikipedia.org 

 



New Exposure Biomarkers- Teeth and Metals 

Diagram depicting regions of enamel and dentin and their relevance in 

measuring metals during the pre- and post-natal periods. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

E = enamel, P = pulp, DEJ = dentinoenamel junction 

Neonatal line

Circumpulpal dentin.                                  
This region is immediately adjacent 

to the pulp. Metal levels in this part 

reflect long-term cumulative 

exposure

Proposed points of analysis in prenatal 

and postnatal enamel and dentin.                                
Formation of these parts commences 

prenatally and continues up to 11 months 

postnatally depending on tooth type.
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Austin, et al (Manish Arora) Nature 2013 



Tooth Metals 

 Statisical analysis can be similar to air pollution  

◦ Repeated exposure measured over fetal life/infancy 

◦ 7 day windows are possible (we used months) 

 Mixtures of biologically active metals  

 As, Pb, Mn, Cd, Cu, Zn, Se, Cr 

 Weighted Quantile Sum Regression 

 Creates an index that represents the sum of the tooth metal levels 

at each time point 

 WQS index used in Distributed Lag Regression averaged 

over months 



Tooth Metal Mixture DLM and K-CPT Using Quantile Sums 
 

Susceptibility 

window

DLM analysis of the WQS index of Tooth metals predicting impulsivity.  

X is time, y is beta, gray=95% CI bands. A sensitive window 

 is identified for the weeks where the estimated pointwise 95% CI does not include zero. 



Causal Inference Regression 

M= Mediator 

A=Exposure thought to cause outcome 

Y= Outcome 

 

A can cause Y either directly or through a pathway in which M is critical. 

 

In our Case, A=Air pollution, M=CPT results and Y=BMI 

 

Model gives a direct and indirect Beta. 

 



Causal Inference Regression 

 Causal mediation analysis of PM in pregnancy and either 

BMI and percent body fat at 48 month.  

 natural indirect (i.e. mediation) effect 1.53% 

(0.17, 3.81) i.e. difference in percent body fat per one-

unit change in PM2.5 exposure via CPT  

 Direct effect -0.09 (-2.1 , 1.6)  

 

 Evidence that PM2.5 effects on obesity-related 

outcomes may be mediated via neurobehavior! 



Causal Inference Regression 

M= Mediator 

A=Exposure thought to cause outcome 

Y= Outcome 

 

A=Air pollution, M=CPT results and Y=BMI 

 

The indirect pathway explain more variance than direct 

Evidence that PM causes increased BMI/Body fat via its effect on 

Inhibitory control. 

 

A Y 

M 



Future work 

 Literally “hot off the presses” 

◦ Haven’t looked at causal mediation and 

Metals,or mtDNA yet. 

◦ R01 in submission 

 Child obesity increases with age 

◦ Mexico cohort will be 9-13 in next cycle 

estimated 33% obese or overweight  

 Can study obesity as opposed to increased BMI 

 More power, more relevant than just higher BMI 



Future Work 

 May have both treatment and prevention 

implications 

◦ Reduce inflammatory exposures in pregnancy 

◦ identification of high risk children before 

obesity starts 

◦ Behavioral cognitive therapy to treat or 

prevent 
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