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Hispanics Suffer from Dual Disparity to Obesity Starting in 
Early Life and Related to Early Exposure to Dietary Sugars
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Shih et al; Pediatric Obesity 2013

The Main Dietary Driver of Obesity in Hispanic Children: 
High Sugar Sweetened Beverages

Davis et al; AJCN 20012

Link between high SSB and obesity 
established early in life
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Among obese, odds of suspected NAFLD 
increased with age, BMI, Mexican American and 

male sex

Trends in Adjusted Prevalence of 
Suspected NAFLD

Trends in Adjusted Prevalence of 
Suspected NAFLD
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Dietary Sugars and Liver FatDietary Sugars and Liver Fat
Maersk, et al. 2012 AJCN

47 adults
1Liter per day for 6 months
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Kavanagh; AJCN 2013

endotoxemia and microbial translocation

increase in liver fat

Monkeys exposed to ad lib fructose diet (24% 
of kcal) in the absence of weight gain

The Role of Fructose In Gut Permeability 
and Bacterial Translocation

Mucus Layer

Lumen

Bacteria / LPS into bloodstream
(Endotoxemia)

1Bergheim I et al., J Hepatol, 2008; 2Kavanagh K et al., Am J Clin Nutr., 2013; 3Sum S et al., Nutr & Metab, 2012  

• Fructose increased portal blood endotoxin levels 
and liver fat (antibiotic treatment protective)

• Suggests fructose and gut microbes play role in 
liver fat accumulation

Mice1

• Fructose increased liver fat and damage
• Secondary to increased microbial translocation 

from gut and circulating bacterial-derived 
lipopolysaccharides (LPS) 

Primates2

• Fructose may induce intestinal permeability, LPS 
in portal blood, and liver fat (NAFLD)

• Fructose readily taken up by liver3

• Metabolism is unregulated
• Contributes to formation of liver fat

Human

Phyla Level: Diversity and Proteobacteria 
Associated with SSB/J Consumption

Proteobacteria: 

• In adults, proteobacteria has been shown to be the most abundant 
bacteria phylum in the blood1  and predict cardiovascular disease2

• Greatest abundance in the gut of those with NASH (6%), followed by 
obese (3%) and lean (<1%) children 13-14 years of age3

1Amar et al., Diabetologia, 2011; 1Amar et al., PLoS ONE, 2013; 3Zhu et al., Hepatology, 2013
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Phyla Level: Diversity and Proteobacteria 
Associated with FRUCTOSE Consumption in 
Obese Hispanic Children (Preliminary data)

OTU Level: Diversity and Sphingomonas 
Associated with SSB/J Consumption

Sphingomonas (Proteobacteria)1-2: 
• Efficient carbohydrate scavenger, sugars used for growth 
• Associated with infections and immune responses
• Elevated in obese rats (accompanied by low Bifidobacterium 

[Actinobacteria])
1Wakdran A et al., J of Proteome Res, 2008; 2Aguirre M et al., Microorgan, 2015

Methods Development: Liver and 
Pancreas Fat at 3T

Methods Development: Liver and 
Pancreas Fat at 3T

Iterative Decomposition using Echo-Asymmetry in the Least 
squares sense (IDEAL)

an optimal fat-water signal separation technique that utilizes 
knowledge of 1H spectra in lipid and water - an extension of NMR 
except it is multi-voxel and 3-dimensional across entire liver

Krishna Nayak, PhD & Harry Hu, PhD
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Toledo-Coral et al JCEM 2013

Visceral, Liver and Pancreatic Fat Fraction by Ethnicity 
Pre-diabetes Status

Visceral, Liver and Pancreatic Fat Fraction by Ethnicity 
Pre-diabetes Status
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Additional Genetic Risk Factors for NAFLD
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ethnic difference in liver fat: role of 
genes and dietary sugar

Diabetes, 2010

AJCN, 2010

Clinical Characteristics
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Data are shown as mean liver fat content (%) ± SD as a function of carrying 0, 1, or 2 copies of the effect alleles for selected 
SNPs. aEffect/Other allele. bEAF, effect allele frequency in Hispanics.  cReported effect allele frequency in Caucasians 
(HapMap-CEU).dp-values are obtained from multiple linear regression using natural log-transformed values, adjusted for age, 
sex and VAT. 

Variants Associated with NAFLD in Hispanic 
Children and Adolescents

Davis et al; AJCN 2010

Evidence of Interaction Between PNPLA3 and 
Dietary Sugar

Chow High Fat High Sucrose

This Concept is Supported by a Recent Study from 
the Hobbs lab using PNPLA3 knockin



8

Plausible Biological Mechanism?Plausible Biological Mechanism?

Huang Y et al. PNAS 2010;107:7892-7897

gain of 
function

interferes with
lipase activity 

in liver
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Cook et al; in 
review

Servings (mean  SD)
Q1: 0.1  0.1, n=43; Q2: 0.4  0.1, n=44; 
Q3: 0.7  0.1, n=44; Q4: 1.7  1.0, n=44

no effects for fruits or fibre

Other Dietary Factors Associated with Fatty Liver: 
Non-starchy Vegetable Intake

Cook et al; JADA, in press

Obesity and NAFLD in Hispanics:
The Perfect Storm

Obesity and NAFLD in Hispanics:
The Perfect Storm

Greater susceptibility to this environment in 
Hispanics starting in first 2y of life

childhood obesity 7 times higher in low-
income communities relative to affluent

From a dietary perspective, this effect is most related to 
high dietary sugars esp proliferation of HFCS in the diet

50% prevalence of PNPLA3 gene in Hispanics related to ~2-fold 
higher liver fat

Impact of PNPLA3 gene on fatty liver exacerbated by high sugar diet



9

Will Reducing Dietary Sugars in Hispanics be 
an Effective Intervention Strategy?

Good News and Bad News

Will Reducing Dietary Sugars in Hispanics be 
an Effective Intervention Strategy?

Good News and Bad News

26

“Unfortunately, your application was 
deemed to be of low programmatic priority”

R01 DK 091578-01A1; NIDDK - May 2011

NPLA3 Genotype for Reducing Liver Fat in Hispanics with Pediatric Non-alcoholic Fatty

Score = 25; 8th percentile

R21: Omega‐3 Fatty Acid Supplementation for Treatment of Fatty Liver in Children

RO1: Treatment of Insulin Resistance through Reduction of Liver Fat in Minorities

RO1: Improving obesity and metabolic outcomes in Hispanics 
through maternal‐infant intervention

RO1: Improving obesity, liver fat and obesity outcomes in obese 
Hispanic teens through SSB reduction

The Bad News:
Incredibly Difficult to Persuade Study Sections and 

NIDDK of Potential Impact of this Approach

The Bad News:
Incredibly Difficult to Persuade Study Sections and 

NIDDK of Potential Impact of this Approach

Other Grants Not Funded
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Ebbeling et al, NEJM 2012
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Obesity, Diet, and the Gut Microbiota

Gut Microbiota

Lean
Western Diet

⬆�Firmicutes
⬇� Diversity

�⬆�Bacteroidetes

Obese

Western Diet = High Fat/Sugar
• Obesity
• Fatty Liver (NAFLD)
• Changes in the gut microbiota

Cox AJ et al., Lancet Diabetes Endoc, 2014; 
Payne AN et al., Obes Rev, 2012

Diet
(High Fat/Sugar)

Diet
(High Fat/Sugar)

Intestinal 
Microbiota
Intestinal 

Microbiota

Intestinal PermeabilityIntestinal Permeability

Body 
Composition

Body 
Composition

Bacteria / LPS in 
Circulation

Bacteria / LPS in 
Circulation

Inflammation, Obesity, 
Liver Fat Accumulation
Inflammation, Obesity, 
Liver Fat Accumulation


