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An Ecological Framework : Multiple Influences on  
Physical Activity and Eating  Behaviors
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Childhood obesity is an epidemic

Prevalence of obesity among children and adolescents, by age group --- United States, 1963-2008

“CDC Grand Rounds: Childhood Obesity in the United States.” MMWR: Morbidity and Mortality Weekly Report. January 21 
2011. 60(2):42-46.  



Wang Y, et al. Will all Americans become overweight or obese? estimating the progression and cost 
of the US obesity epidemic. Obesity. 2008.

Based on current trends 86% of U.S. adults will 
be overweight by 2030



www.doctorsweightsolutions.com; www.cdc.gov

Obesity is a risk factor for numerous medical 
conditions

http://www.doctorsweightsolutions.com�
http://www.cdc.gov/�


No
However … not all obese individuals develop 
complications

51% of overweight 
adults

31% of obese 
adults

Metabolically healthy

Wildman, et al. The Obese Without Cardiometabolic Risk Factor Clustering and the Normal 
Weight With Cardiometabolic Risk Factor Clustering, Arch Int Med, Aug 2008.



Gesta et al. Cell 2007

Increased visceral fat is associated with a high 
risk of diabetes



Monocytes may be a modifiable source of 
proinflammatory cytokines

Macrophage

Adipose tissue

?
Monocyte

TLR2

TLR4

IL6, Tnfα

Mononuclear cells from obese adults 
have increased NFκB binding and 
increased expression of IL6 and Tnfα

Mice lacking TLR2 or TLR4 are 
protected from high fat diet 
induced insulin resistance

Mononuclear cells from adults with 
T1DM and T2DM have increased 
expression of TLR2, TLR4, CCL2 and 
increased secretion of IL6 and Tnfα

Devaraj S, et al.. J Clin Endocrinol Metab. 2008; Bradshaw EM, et al. J Immunol. 2009; Cipolletta C, et al. Diabetes. 2005; Devaraj S, 
et al. Circulation. 2000; Devaraj S, et al. Free Radic Biol Med. 2000; Ghanim H, et al, Circulation. 2004. Caricilli AM. 2008. J Endo

Metabolic disease

http://www.google.com/imgres?imgurl=http://www.clker.com/cliparts/b/0/f/1/1206569457439600428keikannui_monocyte.svg.med.png&imgrefurl=http://www.clker.com/clipart-monocyte.html&usg=__Q_cZR1PRlyahNqikfr0iLGy2ZXg=&h=268&w=297&sz=62&hl=en&start=12&zoom=1&itbs=1&tbnid=aa849psm1XMeDM:&tbnh=105&tbnw=116&prev=/images?q=monocyte&hl=en&gbv=2&tbs=isch:1&ei=Gt6MTcKICfSF0QGipYW_Cw�


Objectives

Adolescents
• Overweight with metabolic syndrome 

(Overwt-MetSyn)
• Overweight without metabolic syndrome 

(Overwt-Healthy)
• Lean

2

Assess inflammatory state
Gene expression
• Toll-like receptors (TLR2, TLR4)
• Cytokines (Tnfα, IL6)

Correlate monocyte inflammation 
with anthropometric measurements 
and serum markers
•BMI, Waist circumference
•Glucose, Insulin, Lipid profile
•Tnfα, IL6

Monocyte

Hypotheses:
1. Monocytes from Overwt-MetSyn subjects will have increased 

gene expression of TLRs and cytokines when compared to 
Overwt-Healthy and Lean subjects

2. TLR and cytokine expression will show a positive correlation with 
anthropometric and serum markers of metabolic disease

1
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Twenty four adolescents were recruited to 
participate in this pilot study

UMMS clinics
• Pediatric endocrinology
• Adolescent medicine
• Nutrition
Dorchester Academy – inner city high school
•Lean – BMI < 85% age and gender
•Overweight – BMI > 85% age and     
gender

•Metabolic syndrome – 3 of the 5 components
*Waist circumference > 75% age, gender,
ethnicity

*Triglycerides > 100
*HDL < 50 (girls) and < 40 (boys)
*Systolic blood pressure > 95% age, gender
*Fasting glucose >100 mg/dl

http://www.google.com/imgres?imgurl=http://arts.monash.edu.au/korean/klec/assets/clipart001/klec2003-c018.gif&imgrefurl=http://arts.monash.edu.au/korean/klec/clipart/index.php?RollID=clipart001&FrameID=klec2003-c018&usg=__dOwoCsyfoAta5jE3gHSasZHqWAE=&h=289&w=400&sz=10&hl=en&start=6&zoom=1&um=1&itbs=1&tbnid=MUJBAPqQC4mAWM:&tbnh=90&tbnw=124&prev=/images?q=hospital+clipart&um=1&hl=en&gbv=2&tbm=isch&ei=4smcTc7FDs680QH7iKnjAg�
http://www.google.com/imgres?imgurl=http://www.drregional.org/drregional/ServeResource/school%20clipart(3).jpg?uid=6&group=Committees%20and%20Groups&&imgrefurl=http://www.drregional.org/drregional/viewpage.jsp?uid=6&group=Committees%20and%20Groups&pagename=School%20Council&usg=__ac5FnDeWPtwE7vBgeQO40AxRkUM=&h=1275&w=1650&sz=177&hl=en&start=5&zoom=1&um=1&itbs=1&tbnid=_VYkM0w8vFQoDM:&tbnh=116&tbnw=150&prev=/images?q=school+clipart&um=1&hl=en&gbv=2&tbm=isch&ei=IMqcTfPZOKjf0gGHy-jmAg�
http://hmsystemsinc.com/wp-content/uploads/2010/04/Obesity-among-children1.jpg�


3 groups are similar in age, gender, ethnicity
Overwt MetSyn Overwt Healthy Lean

(n=6) (n=9) (n=9)
Female, No. (%) 6 (100) 6 (67) 6 (67)
Age (yr) 16.5 (15.4-17.2) 16.8 (15.9-19.8) 16.6 (15.6-18)
Ethnic group, No. (%)
  African American 4 (67) 6 (67) 7 (78)
  Caucasian 0 2 (22) 1 (11)
  Hispanic 2 (33) 1 (11) 1 (11)
BMI (kg/m2) 39 (30-52)* 32 (26-40)* 21 (18-25)^
BMI % 98 (96-99)* 94 (85-99)* 50 (36-84)^
Waist circumference 117 (98-142)** 95 (80-112)* 74 (61-83)^
Systolic BP (mm Hg) 122 (102-139) 117 (108-141) 114 (104-129)
Diastolic BP (mm Hg) 75 (61-84) 71 (53-85) 73 (63-81)
White blood cell counts (k/uL) 8 (5-12)* 6 (4-9) 6 (4-7)
Monocytes (%) 8 (4-12) 9 (6-14) 8 (5-11)
Cholesterol (mg/dL) 119 (72-162) 113 (83-155) 109 (73-145)
Triglyceride (mg/dL) 61 (23-125) 48 (24-97) 51 (34-90)
HDL (mg/dL) 40 (32-47) 41 (24-56) 42 (29-56)
LDL (mg/dL) 67 (27-90) 62 (49-100) 57 (32-81)
CRP (pg/mL) 3.5 (1-11) 3.1 (1-16) 1 (1-1)
Fasting glucose (mg/dL) 98 (82-119) 89 (66-109) 95 (84-110)
Fasting insulin (uIU/mL) 13 (2-31)* 6 (2-14) 3 (2-6)^
HOMA-IR 2.9 (0.8-7.1)* 1.3 (0.3-3.3) 0.7 (0.4-1.4)^
TNF�≤�pg/mL) 2.14 (0.75-4.66)** 0.86 (0-2.5) 0.95 (0.3-1.84)
IL6 (pg/mL) 2.75 (0.49-3.89)** 1.46 (0-2.74)* 0.61 (0-2.2)^

 
Data presented as mean (range)
* P < 0.05 compared with lean
** P < 0.05 compared with overweight healthy
^ P < 0.05 compared with all overweight (Overweight healthy and Metabolic syndrome)

Tnfα (pg/mL)

similar



Monocytes from Overwt-MetSyn subjects display 
increased expression of inflammatory genes



TLR expression in monocytes correlates with 
circulating cytokines

R2 = 0.46
p < 0.001

TLR4 expression
R2  p -value

Tnfα serum 0.2 0.02
IL6 serum 0.2 0.02



Cytokine expression in monocytes correlates with 
BMI and central obesity

R2 = 0.19
p < 0.03

IL6 expression
R2  p -value

WBC count 0.2 0.01

Tnfα expression
R2  p -value

BMI 0.2 0.05



Conclusions

Adolescents
• Overwt-MetSyn, Overwt-Healthy, Lean

Assess inflammatory state
Gene expression
• TLR2, TLR4, Tnfα, IL6

Correlate monocyte gene expression 
with anthropometric measurements 
and serum markers
•BMI, Waist circumference, Tnfα, IL6

Monocyte

1. Monocytes from Overwt-MetSyn subjects display increased gene 
expression of TLRs and cytokines

2. TLR expression shows a positive correlation with circulating 
cytokines; cytokine expression correlates with BMI and waist 
circumference

Ongoing research
1. Recruit more subjects
2. Assess TLR protein expression, surface markers
3. Measure secreted cytokines (Tnfα, IL6) from cultured monocytes at 

baseline and in response to TLR ligands and dietary lipids
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Innate immunity plays a key role in metabolic 
disease and may be a useful biomarker

Obese adolescent Obese adult

Gordon-Larsen P, et al.  JAMA.  2010; Pradhan, et al. JAMA. 2001; Spranger J, et al.  Diabetes.  2003. 

↑Tnfα, IL6 serum levels Type 2 diabetes mellitus

↑TLR2, TLR4 gene expression in MetSyn
↑Tnfα, IL6 gene expression (trend) in MetSyn

Questions
1. Impact of dietary changes on monocyte inflammation?
2. Improvement in monocyte inflammation with weight 
loss and/or exercise?
3. Reversal of monocyte inflammation with 
pharmacotherapy or nutritional supplements?

“It is unreasonable to expect that 
people will change their behavior 
so easily when so many forces in 
the social, cultural, and physical 
environment conspire against 
change”      

Institute of Medicine, 2000
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• 25 ml whole blood collected in the fasting 
state

http://www.bd.com/vacutainer/products/molecular/heparin/; https://www.miltenyibiotec.com

Indirect magnetic labeling of non-
monocytes using a cocktail of biotinylated 
antibodies and Anti-Biotin Microbeads

Non-monocytes are retained in a MACS 
Column placed in a MACS Separator.  
Monocytes pass through the column and 
are collected as the enriched, unlabeled 
cell fraction

Monocytes were isolated from whole blood 
with indirect magnetic labelling

http://www.bd.com/vacutainer/products/molecular/heparin/�


Potential impact on progression of metabolic disease

Topics to be covered in this presentation

Obesity and metabolic 
syndrome (MetSyn)

Immunologic pathways that 
may contribute to MetSyn
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