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On a population level, rapidly rising obesity rates have
been attributed to physical inactivity and the consumption
of calorie dense foods. Obesity and its associated co-
morbidities, suchastype 2 diabetes (T2D) and cardiovascular
disease (CVD), decrease quality of life and result in an
estimated 35 million premature deaths annually.*? Despite
extensive efforts to understand the pathophysiology of
obesity and develop efficacious prevention, treatment,
and management strategies, obesity rates continue to
increase. A major challenge to understanding the etiology
of obesity is the significant inter-individual variation in
both susceptibility to and consequences of this disease.
However, the development of genome-wide association
studies (GWAS) has provided a novel method that can
be used to investigate and explain many inter-individual
differences in chronic diseases.

GWAS involve conducting unbiased genome-wide scans
of thousands of subjects to identify common variants, or
single nucleotide polymorphisms (SNPs), associated with a
trait or disease of interest.> GWAS, which require no a priori
knowledge of biochemical mechanisms and pathways, can
therefore lead to the discovery of novel genetic variants,
and provide new insight into the pathophysiology of chronic
diseases and continuous traits. Despite the successes of
these studies, a major criticism of GWAS are their small
effect sizes, whereby only asmall percentage of the variation
of each trait is accounted for by the SNPs identified by this
method. This is particularly the case when compared to
estimates of the contribution of genetic factors to a trait
from family studies, in which traits that are similar between
siblings are considered to be predominantly genetic in
nature.* For example, while a recently published GWAS
identified 95 loci that were significantly associated with
variability in lipid concentrations, these loci accounted for
only ~25-30% of the genetic variance in each lipid trait (TG,
TC, LDL and HDL).® In contrast, these traits were estimated
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to have ~50-70% variability in family studies. The disparity
in the levels of variance detected by GWAS compared to the
estimated genetic contribution to those traits from family
studies is a major obstacle to the clinical utility of GWAS.
Therefore, a great amount of emphasis has been placed on
determining whether an imperfect understanding of allelic
architecture and/or SNP interactions with the environment,
other genes, or age cause this “missing heritability”.

The accumulation of environmental exposures such as
physical inactivity or poor diet may cause an increase in the
variability of complex traits and diseases, making genetic
associations more difficult to detect.* It has therefore
been hypothesized that investigating genetic associations
in young, healthy populations will yield larger effect sizes
than are observed in older, symptomatic populations. More
importantly, different genes may be involved at different
stages of disease pathogenesis, and the identification of
those associated with early, developmental stages may
provide valuable targets with the potential to predict future
disease risk. In addition, interventions developed to target
genes involved in the development of, rather than the
perpetuation of disease could lead to primary prevention.

GWAS investigating polygenic contributions to CVD have
consistently found three SNPs on chromosome 1p13, in
close proximity to the SORT1 gene, to be significantly
associated with LDL and risk of CVD. In these studies,
the minor, or less frequent, alleles were associated with
LDL concentrations 0.1-0.2 mmol/L lower than those of
the major alleles, as well as with a 9-13% decreased risk
of developing CVD.”®° Interestingly, smaller validation
studies have shown that the 1p13.3 locus accounts for a
much larger proportion of the variability in LDL in younger,
asymptomatic subjects than in older, symptomatic subjects
(2.5-4.1% versus 1%, respectively).’* The larger effect of this
variant in younger populations is significant, as it provides
evidence of a gene-age interaction that accounts for some
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of the missing heritability in the 1p13-LDL relationship.

The field of genomic medicine is in its infancy; however,
it is growing quickly as technology advances to meet the
increasing demand for more efficient and cost-effective
sequencing. While GWAS have successfully identified a
large number of loci associated with chronic diseases in
older populations, the evaluation of these associations
in younger populations may provide better insight into
disease etiology, as well as discover potentially valuable
targets for disease prevention. Genetic risk stratification
in children may prove to be a more valuable screening
method for disease risk than measures such as insulin for
T2D and LDL for CVD. Furthermore, in diseases that do not
have an intermediate measure, such as obesity, genotype
has the potential to be an extremely valuable indicator
of disease risk that could be used early in life for disease
prevention. ldentifying genetic loci associated with the
development of disease pathophysiology at a young age,
as well as elucidating the mechanisms underlying these
pathologies, will result in advancements in the prevention
and treatment of complex diseases such as T2D and CVD.
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