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4. Rationale:

Obesity affects over a third of US adults and more than 400 million people worldwide, and its
contribution to chronic diseases such as diabetes is a growing global concern. Environmental (eg, dietary)
factors play an undeniable role in the rise in obesity and its complications, but a sizable minority of
individuals seem resistant to weight gain despite exposure to a similar obesogenic environment. Some
genetic associations with obesity risk have been well-replicated, but protection against adiposity and its
complications have also been attributed to consumption of certain foods. Notably, dairy foods have been
variably linked to adiposity, showing protective, detrimental or no differences in body weight in a range
of observational and intervention studies that continue to accumulate (Bowen, 2005; Berkey, 2005;
Gunther, 2005; Thompson, 2005; Rajpathak, 2006; Zemel, 2005; Beydoun, 2008; Dove, 2009; Astrup,
2010; Faghih, 2011; Chen, 2012; Gilbert, 2011; Gilbert, 2011; Josse, 2011; Weaver, 2011; van Meijl,
2011; Abargouei, 2012; Lamri, 2013; Kratz, 2013). Associations between dairy intake and glycemic
traits are more consistently but not completely favorable, and appear, in some cases, to be independent of
body weight (Choi, 2005; Hoyt, 2005; Lawlor, 2005; Liu, 2006; Liu, 2009; Drouillet, 2007; Louie, 2011;
Arnberg, 2012; Sluijs, 2012; Grantham, 2013; Kratz, 2013; Mozaffarian, 2013). For both body weight
and glycemic traits, exploration of genetic variability in conjunction with dairy food intake may explain a
portion of the variability in responses to these foods.

The rationale for investigating the impact of genotype on responses to dairy foods is especially
compelling in light of the evolutionary history of dairy intake. Most people (and non-human mammals)
are unable to digest lactose post-weaning, but mutations near the lactase locus conferred sustained lactose
tolerance in some groups. Evidence of recent positive selection (~8000 years ago) appears to coincide
with dairy farming, and reflects reproductive advantages associated with lifelong dairy consumption
(Bersaglieri, 2004). Although the strongest selection signal appears near the lactase locus, additional
genetic loci were probably affected. Reproductive advantages provided by lifelong dairy consumption
may have affected growth, development, body size and body composition, implicating a wide range of
biological and genetic pathways. In spite of the large number of potential loci that may have been shaped
by the introduction of dairy foods to the human diet, only a few studies so far have examined dairy intake
in conjunction with genetic variability (Dedoussis, 2010; Corella, 2011).

Identifying the dairy constituents and genetic modulators that interact to influence health outcomes is
challenging because of the chemical complexity and multiple forms of dairy foods. Key nutrients
supplied by dairy foods (calcium, magnesium, vitamin D (if fortified), and good quality proteins) are
well-recognized. However, additional unique and potentially bioactive components (phytanic acid
(3,7,11,15-tetramethyl hexadecanoic acid) , palmitoleic acid (C16:1n-7), oligosaccharides, branched
chain amino acids and others) may interact with genetic regulators of energy homeostasis, including
satiety mechanisms, to modulate obesity risk in unanticipated ways (Shah, 2000; Ward, 2004; German,
2008; Astrup, 2010; Gilbert, 2011). A genome-wide analysis of dairy x SNP interactions (GWIS) may
detect novel loci and pathways through which this important food group may be acting to optimize health,



and enable identification of those who stand to benefit most from additional consumption. At the same
time, these analyses will pave the way for functional studies that increase biological understanding of
dairy benefits.

5. Main Hypotheses/Study Questions:

Aim: To combine into a meta-analysis of data from CHARGE cohorts with genome-wide arrays,
including Cardio-MetaboChip, we will test interactions in the ARIC between genotype and i) total dairy
foods ii) low-fat dairy foods and iii) high-fat dairy foods for the outcomes of BMI, fasting glucose and
fasting insulin. We will also report associations between total dairy foods, high-fat dairy foods and low-
fat dairy foods for the same outcomes, without considering genotypes. We will consider all European
American and African American ARIC participants that have both GWAS Array data and also the
dairy dietary data.

6. Design and Analysis:

Methods
Dependent Variables
1. BMI (kg/m?)
2. Fasting glucose (SI units: mmol/L)
3. Fasting insulin ( SI units: In-pmol/L) (following natural-log transformation)

Exclusions

e Implausible dietary data

->Women > 5500kcal or < 500kcal;Men > 6000kcal or <600 kcal.

Non-white and non-African American (whites and African Americans will be analyzed separately)
Missing genotype data
Missing dependent variables
Type 1 diabetes or type 2 diabetes (self-reported, anti-glycemic medication use, or fasting glucose
>7 mmol/L (>126 mg/dL))
e Filters to exclude SNPs based on low quality imputation, low MAF, etc., will be applied centrally.

Independent Dietary Variables
1. Total dairy (servings/day, evaluated continuously)

2. Low fat dairy (servings/day, evaluated continuously)
3. High fat dairy (servings/day, evaluated continuously)

Defining high and low fat dairy

Estimates of total, high-fat and low-fat dairy will be harmonized to the greatest extent possible given the
number of questionnaires and differences in the food supply across countries. Proposed definitions of
high and low fat dairy, serving size and milk equivalents are below:

High-fat dairy foods include whole milk, 2% milk, cheese, butter, and ice cream.

Low-fat dairy foods include 1% milk, skim milk, cottage cheese, and yogurt.

Definitions of high-fat and low-fat are based on:



» Mozaffarian D, Cao H, King IB, Lemaitre RN, Song X, Siscovick DS, Hotamisligil GS. Trans-
palmitoleic acid, metabolic risk factors, and new-onset diabetes in U.S. adults: a cohort study. Ann
Intern Med. 153(12):790-9,2010.

» Hu FB, Stampfer MJ, Manson JE, Ascherio A, Colditz GA, Speizer FE,Hennekens CH, Willett
WC. Dietary saturated fats and their food sources in relation to the risk of coronary heart disease
in women. Am J Clin Nutr 1999;70:1001-8.

Milk serving = 240 ml (1 cup or 8 fluid 0z)
Milk serving equivalents*:
e 43 g (1% 0z) hard cheese (cheddar, mozzarella, Swiss, Parmesan)
e 480 ml (2 cups) cottage cheese, 57 g (2 0z) processed cheese
e 360 ml (1% cups) ice cream
e Butter: 1 pat (17 sq, 1/3 “high) or 1 teaspoon or 5 grams
Non-dairy milks (soy, nut, rice, coconut) are not included as dairy foods.
*from United States Department of Agriculture (USDA) food groups
http://www.choosemyplate.gov/food-groups/dairy.html# (Note that the dairy group is based on calcium

but the genetic impact involves lactose).

Genetic Variables

We will include genome-wide (via GWAS array) genetic data that has been imputed to cover 2.5M SNPs
based on Phase Il HapMap. All non-autosomal SNPs will be excluded. SNPs are coded as dosages,
ranging between 0 and 2.

MODELS
Phase 1 — BMI
Model 1 = Age, Sex, Field Center (as needed), Principal components (as needed to adjust for
population substructure), Family structure (as needed)
Model 2 = Model 1 + total energy (kcal/day) + physical activity (sedentary vs. non-sedentary, if
available) + CHARGE diet score
Phase 2 — Fasting glucose and fasting insulin
Model 3: Fasting Glucose = Age, Sex, Field center (as needed), Principal components (as needed
for population substructure), Family structure (as needed) + total energy (kcal/day)
Model 4: Fasting Insulin = Same model as for Fasting Glucose + BMI
Note : When the trait of interest is insulin, analysis should also be adjusted for BMI.
ANALYSES

For the models above conduct genome-wide linear regression analyses or linear mixed effects models
with indicated metabolic traits (BMI, fasting glucose or fasting insulin) as outcomes.

1. Association analyses

MODEL: METABOLIC TRAIT = Dietary exposure + covariates


http://www.choosemyplate.gov/food-groups/dairy.html

2. Interaction analyses

The primary independent variables of interest will be the main effect of each SNP and its interaction with
a dietary exposure. Output from analyses will include regression parameters, their standard errors and p
values, and also covariance estimates. The covariance estimate will be used to conduct 2 df tests of the
association of a SNP, taking possible interaction into account. The Model can be stated as follows:

MODEL: METABOLIC TRAIT = SNP + Dietary exposure + SNP*Dietary exposure + covariates
Genome-wide significance threshold will be results with p value <5 x 10-8. Each study will conduct
analyses of its data and results will be meta analyzed with fixed effects inverse variance weighting of the

regression coefficients.

Obtain robust standard errors and covariance estimate between the SNP beta and the Interaction beta.
These will be run using ProbABEL version 0.1-3 (http://mga.bionet.nsc.ru/~yurii/ABEL/)
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