
1 

Adolescent Obesity Prevention Study 

Childhood Obesity Observational Study 

Adolescent & Adult Dietary Intake, Secondhand 
Smoke, & Chronic Disease in NHANES 

Robyn D. Foreman, MHS, RD 
Doctoral Candidate in  

Human Nutrition 

15 February 2013 

Disclosures 

• None 

 

 

Objectives 

• Adolescent Obesity Prevention Study 
• Challenge Study – University of Maryland, School of 

Medicine, Department of Pediatrics, Growth & Nutrition 
Division, Baltimore, MD 

• Childhood Obesity Observational Study 
• Healthy Communities Study – Battelle, funded by National 

Heart, Lung, & Blood Institute, National Study 

• Adolescent & Adult Dietary Intake, Secondhand 
Smoke, & Chronic Disease 
• Dissertation – Johns Hopkins Bloomberg School of Public 

Health, NHANES data 
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Challenge! 
• NIH funded study 

• Multilevel intervention  

• Cluster-randomized design 

• 3 academic years of intervention 

• Target sample size = 800  

• Evaluations at baseline, 6 mo, end of year, ~12mo 

• Anthropometrics (ht, wt, WC) 

• %BF 

• BP 

• CRF 

 

• FFQ 

• PA: accelerometry & self report 

• Psychological measures 

Challenge Study Details 

•Previous Challenge Study – individually-

based, founded upon SCT, Transtheoretical 

Model, Developmental-Ecological Theory 

•Demonstrated success related to the following 

outcomes: proportion adolescents progressing to 

85th BMI %ile, diet, fat free mass 

•New Challenge – reformatted for small groups 

& added environmental component 

•Health Behavior Goal Setting, Trips to YMCA, 

Traffic Light Diet 

Challenge Study Design 

Challenge! in Middle Schools has a 2x2 

factorial design involving cluster- as well as 

individual-level randomization  
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Grant Submission 

The following describes a grant 

application I submitted with Dr. Soren 

Snitker at University of Maryland. 

The grant was for a small addition to the 

Challenge study and was my initial idea 

for my dissertation. 

Background / Rationale 
•Why do we care about overweight? 

•The prevalence of overweight was rising 

•Overweight is associated with increased chronic 

disease risk 

•Many studies attempt to reduce overweight 

•Few of these studies measure metabolic risk 

factors 

•The success of an intervention should be 

measured by reduction in risk which may not be 

equivalent to change in BMI 

Background / Rationale 

•Challenge! in Middle Schools targets 

environmental and behavioral change 

(diet and physical activity) 

•Changes in body composition are 

associated with improved metabolic risk 

•Changes in diet and physical activity are 

associated with improvements in 

metabolic risk independent of change in 

body composition  



4 

Goal 

The goal of Living Up to Our 

Challenge (LUTOC) is to measure 

indicators of chronic disease risk in 

adolescent girls and determine the 

effect of changes in health 

behavior on these measures. 

Where LUTOC Fit in to Challenge! 

•Parent grant supports the 

intervention & measurement 

of diet, PA, anthropometric 

measurements, BIA, & 

psychological parameters 

•Living Up To Our Challenge would tack on 

additional measurements at two CHALLENGE 

evaluation time points to strengthen the ability 

to detect a meaningful difference in chronic 

disease risk profile 

Aim 1: To examine the effect 

of the Challenge! in Middle 

Schools interventions on 

metabolic risk factors. 

Aim 1 
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Aim 2: To examine the degree to which 

changes in dietary patterns, physical 

activity and fitness, BMI, and body 

composition are associated with changes 

in metabolic risk factors. 

Aim 2 

Aim 3: To examine the degree to which 

the effect of the intervention on metabolic 

risk factors varies by baseline measures 

of dietary patterns, physical activity and 

fitness, BMI, and body composition.  

Aim 3 

Sample Size/Power 

•CHALLENGE: recruit 800, 20% attrition, 

n=640 

•20% refusal for blood draws, LUTOC 

n=512 

•This translated into approximately 85% 

power for the small group intervention effect 

•Similar study observed effect size on TC 

was 0.27 
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Data Analyses 
Outcomes of interest: 

FPG 

Insulin  

HbA1c  

HOMA 

TC  

LDL  

 

HDL 

TG  

BP  

Continuous Metabolic 

Syndrome Score (WC, 

TG, HDL, BP, HOMA) 

Proposal: Funding Search 
• Submitted proposal to: 

• American Diabetes Association 

• American Heart Association 

• Baltimore Diabetes Research and Training 

Center Pilot and Feasibility Award Program 

• Resubmitted to American Diabetes Association 

• The grant was not funded. 

Healthy Communities Study 
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Background 

• Since the 1970’s, the rate of obesity tripled amongst 
children and adolescents aged 2 through 19 years 

• Social and environmental causes of obesity have not 
been studied enough 

• Community efforts to prevent obesity vary widely and 
have not been systematically examined 

• Little is known about the minimum intervention 
intensity required to have an impact on obesity 

• Combinations of approaches and interventions have 
not been studied sufficiently 

Funders / Partners 

• National Heart, Lung, & Blood Institute 
• Battelle 
• Robert Wood Johnson Foundation 
• University of California at Berkeley 
• University of South Carolina 
• University of Kansas 
• NORC 

Purpose 

Primary Study Objectives: 
• Determine the associations between 

community programs/policies and BMI, diet, 
and physical activity in children 

• Determine the community, family, and children 
characteristics that may be related to the 
association between community programs and 
policies and BMI, diet, and physical activity in 
children. 
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• A community 

is defined as 

a public high 

school 

catchment 

area 

• 268 

communities 

will be 

studied over 

5 years 

School  

(in red) 

Catchment 

Area (in 

gray) 

22 

Community Definition 

Community Data 
• Key Informants  

• Interviews with school principals, directors 
of local recreation centers, etc. 

• Characterize community programs and 
policies 

• Program documents 
• Community observations  

• School physical activity environment 
• School nutrition environment 
• Household participants’ streets 

Household Data 

• Demographics 
• Medical record abstraction 
• Anthropometric measurements 
• NHANES dietary screener 
• Nutrition surveys 
• Physical activity recall 
• Perception of environment questions 
• History of breastfeeding 
• Subset: accelerometer & 24-hour dietary recall 
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Current Status 

• Completed Wave 1 of study in 4 communities 
• Preparing for Wave 2 and awaiting OMB 

approval of changes to study protocol 
• Change from purchasing address data to 

recruiting from schools due to experience 
during first wave 

• Adjustment to study design to accommodate 
increased cost associated with new 
recruitment methods 

Dietary intake, environmental 
tobacco smoke, and dietary 

biomarkers as they influence chronic 
disease in adults and adolescents 

Rationale 
• Cardiovascular disease and diabetes are two of the leading causes of death 

in the U.S. 

• Poor dietary intake and environmental tobacco smoke (ETS) exposure are 
both causes of cardiovascular disease (CVD), type 2 diabetes mellitus 
(T2DM), and metabolic syndrome (MetS) 

• Adults and adolescents are exposed to secondhand smoke; adolescent 
exposure is greater than that of adults 

• Associations between ETS exposure and variability in dietary biomarker 
concentrations and between dietary biomarker concentrations, dietary 
intake, and variability in chronic disease have been established, but potential 
mediating and moderating relationships have not been well documented 

• GOAL: The goal of this study is to investigate the mediating 
and moderating relationships between ETS exposure, dietary 
biomarkers, dietary intake, and chronic disease. 
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Mediation & Moderation Analyses 

ETS exposure 

Dietary Intake 

Chronic 
disease 

Dietary 
Biomarkers a b 

c 

d e f 

Mediation & Moderation Analyses 

ETS exposure 

Dietary Intake 

Chronic 
disease 

Dietary 
Biomarkers a b 

c 

d e f 

Mediation & Moderation Analyses 

ETS exposure 

Dietary Intake 

Chronic 
disease 

Dietary 
Biomarkers a b 

c 

d e f 
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Mediation & Moderation Analyses 

ETS exposure 

Dietary Intake 

Chronic 
disease 

Dietary 
Biomarkers a b 

c 

d e f 

Mediation & Moderation Analyses 

ETS exposure 

Dietary Intake 

Chronic 
disease 

Dietary 
Biomarkers a b 

c 

d e f 

Mediation & Moderation Analyses 

ETS exposure 

Dietary Intake 

Chronic 
disease 

Dietary 
Biomarkers a b 

c 

d e f 



12 

Research Design 

• Analysis of cross-sectional data collected in the 
National Health and Nutrition Examination Survey 
(NHANES) 2001-2006 

• Data for this study will be derived from data collected 
from 24-hour dietary recall, fasting blood draw, 
physical examination, and self-reported responses to 
survey questions 

• Adolescents: 12-19 years (n=4,692); Adults >19 years 
(n=9,693) 

• Exclusion criteria: current smokers, pregnant women 

 

ETS 
exposure 

Dietary Intake 

Chronic 
disease 

Dietary 
Biomarkers 

Exposure 
Variables: 

o Serum cotinine 
(ng/mL) 

o Self-reported 
ETS exposure 

Moderator Variables: 

o Healthy Eating Index 2005 (HEI) 
o Alternate Healthy Eating Index 2010 
o DASH diet adherence score 
o Fat intake (poly- and monounsaturated 

fatty acids, hydrogenated fats) 
o Fiber intake 
o Vitamin C intake 

o Vitamin E intake 
o Β-carotene intake 
o Folate intake 

Mediator Variables: 

o Serum vitamin C (mg/dL) 
o Serum β-carotene (µg/dL) 
o Serum α-tocopherol (µg/dL) 
o Serum folate (ng/mL) 
o Red blood cell folate (ng/mL) 

 
Adult Outcome 
Variables: 
o Continuous  

MetS score 
o Self-reported 

CVD events/ 
diagnoses 

o Framingham  
CVD Risk Score 

o T2DM status  
 

 
 

Adolescent 
Outcome 
Variables: 
o Continuous  

MetS score 
o Self-reported 

CVD events/ 
diagnoses 

o Hypertension 
status 

o Dyslipidemia  
status 

o T2DM status  

Data Management 
• NHANES 2001-2006 datasets to be merged using 

Statistical Analysis Software (SAS®) version 9.0 

• Analyses to be performed using IBM® SPSS® Statistics 

• Data Coding: 

o Self-reported smoking and cotinine cutoffs will be 
used to exclude current smokers and pregnancy test 
results will be used to exclude pregnant women 

o SAS code will be used to calculate HEI-2005 scores 

o Summary scores of dietary quality and outcome 
variables will be created 
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Data Analysis 
• Exploratory Data Analyses: 

o To examine the distribution and relationships between 
variables: 

 Graphing procedures  
 Simple statistical analyses 

o Specifically, distributions will be examined for normality 
 

• Testing Hypotheses 
o Analyses will account for the complex survey sampling 

by using survey weights 
o Continuous outcomes: multiple linear regression 
o Ordinal outcomes: logit model 
o Dichotomous outcomes: logistic regression 

 

AIM 1: Examine the relationship between ETS 
exposure, dietary intake, and dietary biomarkers 

in adolescents and adults. 

Aim 1 

 

• Greater exposure to ETS will be associated with: 
• lower scores on measures of dietary quality,  
• higher intake of saturated and hydrogenated fats, 
• lower dietary intake of micronutrients and fiber, 
• and lower concentrations of dietary biomarkers. 

 

• Higher scores on measures of diet quality will be associated with 
greater concentrations of dietary biomarkers even after adjusting 
for total energy intake. 

Aim 1 Analyses 
• Simple & multivariable linear regression analyses 
• Potential confounding variables will then be added to the 

model and β coefficients will be re-evaluated 
 

Example model: 
 

E(πij = yij/nij) = β0j + (β1j * ETS) + (β2j…βpj * control variables) …+ Ɛij, 
where πij  

 

• where πij is the HEI score of individual i, the β terms are 
regression coefficients; 0j= average HEI score when cotinine 
concentration = 0, 1j = the Δ in average HEI score per one unit 
increase in cotinine concentration when other variables in the 
model are held constant, and ij = error 
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AIM 2: Determine whether dietary biomarkers act 
as a mediator in the relationship between ETS 
exposure and chronic disease risk and whether 

dietary intake moderates this relationship in adults. 

Aims 2 & 3 

AIM 3: Determine whether dietary biomarkers act 
as a mediator in the relationship between ETS 
exposure and chronic disease risk and whether 

dietary intake moderates this relationship in 
adolescents. 

Aims 2 & 3 Hypotheses 

• Dietary antioxidants will act as mediators in the 
relationship between ETS exposure and chronic 
disease.  

• Higher scores on measures of quality/patterns of 
dietary intake will attenuate the positive association 
between ETS exposure and chronic disease. 

• Greater intake of saturated and hydrogenated fats and 
lower dietary intake of micronutrients and fiber will 
exacerbate the positive association between ETS 
exposure and chronic disease. 

Aims 2 & 3 Analyses 

ETS 
exposure 

Dietary Intake 

Chronic 
disease 

Dietary 
Biomarkers 

Mediation 
• Bootstrapping 
• 95% CI for ab where a = relationship between the 

exposure and the mediator and b = the relationship 
between the mediator and the outcome 

• If the CI does not overlap 0, reject the null hypothesis 
of no indirect effect 
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Aims 2 & 3 Analyses 
Moderation 

An interaction term will be added to the regression analyses and 
will be evaluated for significance:  

E(πij = yij/nij) = β0j + (β1j * ETS) + (β2j * HEI)+( β3j *ETS*HEI)+(β4j…βpj 
* confounding variables) …+ Ɛij,  

where πij = MetS score of individual i, 0j= avg MetS score when 
other variables = 0, 1j = Δ in avg MetS score/ Δ in cotinine when 
HEI=0, β2j= Δ in average MetS score/ Δ in HEI score when ETS 
exposure=0, 3j = coefficient for interaction between HEI score and 
cotinine concentration 

 

ETS 
exposure 

Dietary Intake 

Chronic 
disease 

Dietary 
Biomarkers 

Timeline 

 
 
 

Strengths & Limitations 

Strengths: 
• Data source 
• Examination of relationships in adults and adolescents separately 
• The exploration of mediating and moderating effects 
• The complex, rigorous statistical techniques to evaluate mediation 
 
Limitations: 
• Cross-sectional data 

• Diagnosis of T2DM & CVD associated with recommendations 
for change in diet 

• Dietary intake variables based on one 24-hour dietary recall 
• Recall bias 
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Significance of Results 

• May identify high-risk groups (ETS exposure + 
poor diet)  

• Shed light on possible biological mechanisms 
by which ETS exposure causes chronic disease 

• If dietary intake is found to modify the harmful 
effects of ETS exposure, this would suggest 
that ETS-exposed individuals should be a 
target for dietary interventions 

Thank you 

Questions 
 
 


