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In recent years, obesity has reached epidemic proportions globally and has become a
major public health concern. The development of obesity is likely caused by several
behavioral, environmental, and genetic factors. Genomic variability among individuals is
largely due to copy number variations (CNVs). Recent genome-wide association studies
(GWAS) have successfully identified many loci containing CNV related to obesity. These
obesity-related CNVs are informative to the diagnosis and treatment of genomic dis-
eases. A more comprehensive classification of CNVs may provide the basis for determin-
ing how genomic diversity impacts the mechanisms of expression for obesity in children
and adults of a variety of genders and ethnicities. In this review, we summarize current
knowledge on the relationship between obesity and the CNV of several genomic regions,
with an emphasis on genes at the following loci: 11q11, 1p21.1, 10q11.22, 10q26.3,
16q12.2, 16p12.3, and 4q25.

Introduction
According to the National Health and Nutrition Examination Survey (NHANES), the prevalence of
obesity in the United States is ∼39.8% in adults and 18.5% in adolescents [1]. Obesity is a risk factor
for some of the leading causes of mortality, including type 2 diabetes, heart disease, certain types of
cancers, and COVID-19 [2]. What makes obesity different from other risk factors is that it is prevent-
able [3]. The development of obesity is likely caused by several dietary, metabolic, and genetic factors
[4]. Genetic variation plays a major role in determining the susceptibility or resistance an individual
may have to the environment. Factors that contribute to this environment include reduced energy
expenditure, access to fresh fruits and vegetables, increased high-calorie food intake, and socioeconomic
status [5]. Previous analysis of the human genome points to single nucleotide polymorphisms (SNPs)
to be the primary source of human genetic variation. However, current research shows copy number
variations (CNVs) are responsible for a large extent of structural change in the genome of mammals
[6]. A CNV is a DNA segment spanning 1 kb [7] or larger that has a variable number of copies among
individuals in a population when compared with a reference genome [8]. Variations can be deletions or
duplications [9]. Some CNVs do not appear to influence phenotype; however, several have been conclu-
sively linked with disease. Recent studies have determined pathways involved in obesity pathogenesis by
identifying the CNV and associated proteins increasing susceptibility to obesity. Also, there is evidence
that interaction with other genetic or environmental factors may influence whether CNVs affect pheno-
types [10]. For example, exposure to environmental mutagens, such as radiation, can lead to inherited
genetic predispositions [11].
The mechanism of fork stalling and template switching (FoSTeS) and microhomology-mediated

break-induced replication (MMBIR) model can also lead to genomic rearrangements of single exons,
duplication or triplication of individual genes providing an innovative perspective for exploring gene
and genome evolution [12]. The CNV represents a source of genetic diversity in human health,
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disease, and evolution [13,14]. The genome-wide association studies (GWAS) have identified several loci asso-
ciated with obesity [15]. D’Angelo et al. described the CNVs of genes and genomic regions in obesity associated
with developmental delay, intellectual disabilities (ID), and malformative features [16]. However, there is still
more to be studied regarding the association of CNVs and obesity. In this article, we focus on the common
CNVs, such as 11q11, 1p21.1, 10q11.22, 10q26.3, 16q12.2, 16p12.3 and 4q25 that has been found to associate
with adult and childhood obesity.

The chromosome 11q11 locus
A potential link between olfactory receptors (ORs) and obesity has been proposed based on the observation of
altered olfactory function in morbidly obese patients. Richardson et al. [17] reported that adult patients with a
body mass index (BMI) greater than 45 were more likely to have olfactory dysfunction when compared with
subjects with BMI of less than 45. The ability to detect chemicals in the environment is a sensory system
dependent on ORs. A chemical compound has an odor when it is sufficiently volatile to be transported to the
olfactory system [18]. OR neurons project their axon directly to the olfactory bulb in the brain. The central
olfactory system is separated from the epithelium by the cribriform plate of the ethmoid bone. The cribriform
plate, which supports the olfactory bulb, is perforated by a grouping of holes, known as the olfactory foramina,
creating a channel for the olfactory nerves [19]. The first step in odor transduction begins when odorous
ligands activate ORs on the olfactory epithelium [20]. The epithelium contains millions of ORs that are capable
of binding with odor molecules. However, an odor molecule will not bind to just any OR. It must bind to the
OR specifically designed to identify that molecule [21]. Since ORs belong to the G-protein-coupled receptor
(GPCR) superfamily, the transduction of chemical information into electrical impulses involves signal amplifi-
cation by G-protein-coupled activation of adenylyl cyclase. This facilitates a rise in cyclic AMP (cAMP), and
subsequently, the opening of cyclic nucleotide-activated, nonselective cation channels. The cell membrane of
the olfactory neuron becomes depolarized from the influx of cations through these channels. Ultimately, these
results in an increase in the frequency of action potentials that travel down the axons to the glomeruli, which
are spherical structures located in the outer part of the olfactory bulb [18]. OR genes have been identified on
several chromosomes. With around 400 functional genes, they encompass one of the largest gene families in
mammalian genomes [22].
The chromosome 11q11 locus, spanning ∼80 kb, exclusively covers three OR genes, all belonging to the OLR

family 4: OR4P4, OR4S2, and OR4C6 [23]. In addition to functional ORs, the gene family also contains a large
number of pseudogenes, which no longer encode ORs due to loss of function mutations occurred during evolu-
tion [24]. Earlier studies have identified variation in the copy number of the 11q11 locus in association with
obesity (Table 1, Figure 1). Copy number at this locus can range from 0 to 8 and appears to vary with gender,
age, and ethnicity. León-Mimila et al. [25] reported a lower 11q11 copy number in Mexican children aged
6–12 years were significantly associated with lower obesity risk in children, but not in adult subjects. A heredi-
tary factor has been observed in children of German descent. Family-based GWAS have demonstrated a lower
11q11 copy number in obese children compared with those of normal weight [23]. Zhang et al. observed a sig-
nificant increase in the risk of obesity in Chinese children with deletions at the 11q11 locus. Interestingly, a
cumulative effect was observed when these subjects also had deletions at two other loci related to obesity:
10q11.22 and 4q25. This suggests a robust collective association between increased CNV at-risk alleles and
childhood obesity [26].
In addition to GWAS, 11q11 has been studied in individual case studies. Obesity is associated with a variety

of liver abnormalities collectively known as nonalcoholic fatty liver disease (NAFLD) that is characterized by an
accumulation of triglycerides in the liver (steatosis). This can range from simple steatosis to its inflammatory
counterpart nonalcoholic steatohepatitis (NASH) [27]. NAFLD is associated with cardiometabolic syndrome
(CMS), increasing the risk of insulin resistance, impaired glucose tolerance, hypertension, dyslipidemia, and
central adiposity [28]. The 11q11 region has been shown to have one copy number less in adult patients with
NAFLD when compared with controls, who had a copy number around 2 [27].

Salivary amylase 1 and obesity
The variation in the copy number appears to be influenced by several environmental factors, including stress
levels, circadian rhythms, and diet [29]. Dietary habits have been shown to directly influence the copy number
of certain obesity-related genes, Falchi et al. [30] was the first study to identify the genetic link between carbo-
hydrate metabolism and obesity. Specifically, individuals consuming greater amounts of starch have been
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shown to have higher levels of both salivary amylase protein and serum amylase compared with those consum-
ing less starch. Recent research has indicated that the expression of the salivary amylase 1 (AMY1) gene on
chromosome 1p21.1 is up-regulated by a high starch diet [31,32]. Salivary amylase, as well as pancreatic
amylase, is secreted during the first steps of starch digestion, which continues after passing from the oral cavity
into the stomach. These enzymes are specifically responsible for the hydrolysis of α-1,4 glycosidic bond, which
yield oligosaccharides such as maltose and maltotriose during glycolysis [33]. Thus, high-AMY1 copy number
and salivary amylase activity are both favorable for more efficient dietary starch digestion [34,35]. A significant
negative association of AMY1 copy number with BMI and obesity was first reported by Falchi et al. [30]
(Figure 1). AMY1 copy number is also found to be associated with serum salivary amylase enzyme levels and
gene expression [30].
AMY1 is one of the most variable loci in copy number in the human genome, ranging from 2 to 20 copies

[33]. Interestingly, the correlation of AMY1 copy number with obesity seems to be significant in the pediatric
populations of various ethnicities. A recent study from our laboratory found a negative correlation between its
copy number and BMI in pediatric population of both African American and European American ancestry in
Alabama. Furthermore, the negative relationship of AMY1 copy number with obesity measurements was stron-
ger in African American children than in European American children [36]. An Italian population known to
rely on a high starch diet consisting of primarily complex carbohydrates demonstrated a significant correlation
as well. A lower AMY1 copy number was associated with increased BMI in pediatric boys [37]. In a study done
in Mexican children, having less than a specific number of copies increased the risk of obesity. An AMY1 copy
number less than 6 correlated to a higher risk of obesity compared with those with at least six AMY1 copy
numbers [25]. Similar studies have shown this correlation between being not only significant in pediatrics but
also adult populations. A lower AMY1 copy number was associated with a higher BMI in both European and
Asian adults [30].
In contrast, other studies observed differences in gender. In a Finnish study, Viljakainen et al. found no dif-

ference in AMY1 copy numbers between healthy individuals and individuals with a history of childhood-onset
obesity. However, obese men had a higher copy number compared with obese females. Furthermore, AMY1
copy number correlated significantly with whole body fat percent and BMI only in obese females [35].
The genetic variation of the individual influences not only influences phenotype but also the microbiome

composition. Previous studies have focused on the effect the gut microbiome may have on specific genotypes.
Recent evidence supports the idea that gene copy number also varies. It has been established that AMY1 copy
number is a genetic factor associated with microbiome composition and function. In a month-long diet inter-
vention study, Poole et al. [38] not only showed that diet standardization was a catalyst for gut microbiome
convergence, but also that AMY1 copy number correlated with the composition and function of oral and gut
microbiomes. The microbiomes of individuals with low-AMY1 copy numbers had enhanced the capacity
to metabolize complex carbohydrates. Interestingly, high-AMY1 copy number subjects had higher levels of
salivary Porphyromonas. Gut microbiota of those individuals had a more considerable amount of resistant
starch-degrading microbes and produced higher levels of short-chain fatty acids [38]. In a parallel study,
León-Mimila et al. explored possible correlations between AMY1 copy number and several identified gut
microbiota genera. The abundance of Prevotella was positively correlated to AMY1 copy number in the adult
population. Prevotella copri, specifically, was two times higher in adults with at least 10 copies of AMY1
compared with those with less than four copies [25] (Table 1).

NPY4R and appetite control
In addition to AMY1, current research has uncovered another obesity-related gene involved in digestion. A
CNV region located on chromosome 10q11.22 is known to cover the Neuropeptide Y Receptor type 4
(NPY4R) gene, also known as PPYR1 [23]. NPY4R encodes the NPY receptor that responds to the pancreatic
polypeptide (PP), which has been shown to be an effective appetite inhibitor [39] (Figure 1). There are four
genes in the NPY receptor family in humans, all of which are expressed in the hypothalamic region of the
brain that is involved in appetite control and energy metabolism. Pancreatic PP-cells release PP postprandially
in proportion to caloric intake to self-regulate pancreatic secretion activities [39]. Copy number gain of NPY in
a 137 kb duplicated region in 7p15.3 was detected in early-onset obesity [40].
The relationship between CNV of the NPY4R gene and BMI, waist circumference, and dietary intake has

been evaluated in recent studies. Zhang et al. identified 10q11.22 to be significantly associated with obesity in a
pediatric population in China. The deletion of 10q11.22 was linked to a higher BMI and waist to height ratio.
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The risk of obesity increased even further among the 10q11.22 deletion carriers who had meat-based diets,
which could indicate a multiplicative interaction (MI) between deletions of 10q11.22 and a preference for meat-
based meals [26]. It has been shown that protein, dietary fat, and to some degree, glucose stimulates PP
production [41]. The intake of meat regularly may stimulate PP secretion, which would subsequently regulate
the intake of food via PPYR1. However, in subjects with 10q11.22 deletions, PP cannot function normally. As a
result, the 10q11.22 deletion carriers with meat-based diets might be more prone to developing obesity due to
a pathologic inability to control food intake. In addition to a meat-based diet, there was a significant association
between subjects with the 10q11.22 deletion and a preference for sweet foods. This could, in part, be due to
glucose consumption stimulating the release of PP [26].
Another study in Chinese subjects found that deletions at NPY4R were not only significantly associated with

higher BMI in pediatrics, but also in the elderly [42]. In contrast, Sun et al. [43] found no copy number
changes at NPY4R in Chinese obese or healthy controls. Other studies have provided evidence of differences in
both ethnicity and age group. Aerts et al. performed a mutation screen for variants in the NPY4R coding
region in two groups: obese Belgian children and adolescents and lean White adults. The CNV analysis demon-
strated a significantly higher frequency of NPY4R containing 10q11.22 CNV loss in the obese Belgian pediatric
population. Furthermore, a CNV gain in this region was more prevalent in the lean White adult population
[44]. Gender differences were observed in a community of Swedish adults. A positive correlation was found
between NPY4R copy number and BMI, as well as waist circumference, in Swedish women. Each additional
copy of NPY4R correlated with a 2.6 kg/m2 increase in BMI and a 5.67 cm increase in waist circumference.
The same findings were not seen in Swedish adult men [39]. Through a mutation screen in NPY and NPY2R
genes of 436 obese children and adolescents, Aerts et al. [45] discovered missense mutations in both genes. No
CNVs were detected in NPY2R in this population [45] (Table 1).

CYP2E1 and lipid metabolism
The ability of certain endogenous or exogenous factors to influence the activity level of genes has been shown
to have a significant role in human health [46]. In addition to NPY4R, a region at the 10q26.3 locus comprises
a superfamily of functional genes that are also inducible by several endogenous factors. The Cytochromes p450
superfamily (CYP) encodes enzymes and proteins that catalyze many reactions involving drug metabolism and
synthesis of steroids, cholesterol, and lipids [47]. CYP proteins can be located in several different compartments
of the cell [46]. In addition to their localization in the Golgi apparatus and plasma membrane, several different
forms have been detected within microsomes present in the endoplasmic reticulum membrane, and in the
mitochondria [48]. Different types of signals are required for targeting of P450 proteins to ER and mitochon-
dria. Microsomal P450 is inserted into the rough-surfaced portion of the ER membrane through a non-
cleavable hydrophobic signal sequence [49]. CYPs that play a major role in endogenous metabolisms are found
mostly in mitochondria [50]. In contrast with microsomal P450s, mitochondrial P450s are comprised of cleav-
able amphipathic presequences that are important for targeting of the precursor protein (preprotein) to the
mitochondria posttranslationally [51].
Of particular interest is Cytochrome P450 family 2 subfamily E member 1 (CYP2E1). CYP2E1 is important

in signaling pathways related to diabetes and obesity, such as ω− 1 hydroxylation of fatty acids like arachidonic
acid. CYP2E1 also plays a role in the propanediol pathway, an alternative pathway of gluconeogenesis, which
offers a way to generate glucose during starvation via hydroxylation of acetone, hydroxyacetone, and pyruvate
[47]. One of the most distinguishing features that set CYP2E1 apart is its inducibility by a large variety of sub-
strates [50]. Endogenous factors that induce CYP2E1 expression levels include obesity, diabetes, fasting, and
chronic alcohol ingestion [52]. The fluctuation of CYP2E1 levels and expression might alter the balance, and
subsequently, TG metabolism.
The expression of CYPs manifests in the liver, as well as other tissues, such as the brain, kidneys, and lungs.

The first evidence of CYP2E1 localization within the liver was in 1997. Avadhani et al. [53] discovered the pres-
ence of the CYP2E1 protein located in the inner membrane of rat liver mitochondria. Hepatic CYP2E1 activity
has been reported to be up-regulated in individuals with severe obesity, defined as a BMI higher than 35 kg/m2

[54]. This finding can offer a potential explanation for why morbid obesity is often associated with fatty liver
disease (steatosis) [55]. The degree of severity may range from steatosis alone to steatohepatitis (accompanying
inflammation of the liver) with advanced fibrosis [56]. Emery et al. assessed the activity of CYP2E1 by rate of
chlorzoxazone (CLZ) clearance, which has been used extensively to evaluate CYP2E1 activity. Both the total
and unbound oral CLZ clearance (Clu/F) was approximately three times higher in morbidly obese subjects
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compared with controls. One year after the morbidly obese subjects underwent gastroplasty, the total oral CLZ
clearance and Clu/F declined by 46% and 35%, respectively. A positive association between the degree of stea-
tosis and CYP2E1 activity before and after surgery suggests that increases in CYP2E1 activity may be related to
the hepatic pathology of the liver resulting from morbid obesity (Figure 1). Furthermore, the up-regulation of
CYP2E1 activity may accelerate liver injury when significant steatosis is present [55].
The CNV of CYP2E1 can influence activity by altering gene expression [57]. There is evidence showing that

individuals have a copy number range of 1–4. Over 96% of individuals have two copies of the CYP2E1 gene.
Three percent of people have three copies (tri-copy), and less than 2% of the population has either one copy
(haplotype) or four copies (tetratype) [57]. Yang et al. reported association results in White and African
American groups that indicated CNV at 10q26.3 might be a common variant for obesity across different ethni-
cities. The CNV found on CYP2E1 showed a strong positive association with both BMI and body fat mass in
three independent populations: an unrelated sample of White subjects, a family-based sample of White
subjects, and an unrelated sample of African American subjects [58] (Table 1).
One of the most severe lipid metabolism disorders related to obesity is Hypertriglyceridemia (HTG). HTG is

characterized primarily by levels of plasma triglyceride higher than 1.7 mmol/l. When the level of plasma TGs
is higher than 10 mmol/l, genetic factors are thought to play a dominant role in HTG [59]. Interestingly, indivi-
duals with CYP2E1 tri-copy and tetratype often show obesity and HTG phenotypes.

Fat mass and obesity associated (FTO) gene and shift from
brown to white adipose cells
Another gene heavily involved with lipids is alpha-ketoglutarate dependent dioxygenase (FTO), which is
located at the 16q12.2 chromosomal region. FTO was first identified through GWAS as the obesity-
susceptibility gene [60]. FTO functions as an RNA and single-strand DNA demethylase that mediates oxidative
demethylation of several different RNA species, including N6-methyladenosine (m6A) in mRNA transcripts.
FTO is highly expressed in the adrenal glands and forebrain, specifically the hypothalamus and pituitary
regions [61]. In doing so, FTO plays the role of regulator for adipogenesis and energy homeostasis (Figure 1).
This contributes to the regulation of body size and body fat accumulation, specifically the differentiation into
white or brown fat cells [62–64]. It is uncertain whether variations associated with obesity affect the function
of the FTO gene directly, or modify the expression of adjacent genes, such as IRX3 [65]. A pathogenic intronic
FTO variation (rs1421085) interrupts the sequence for ARID5B binding that has remained essentially
unchanged throughout evolution. Without ARID5B binding, the two genes distal to FTO (IRX3 and IRX5) will
be overexpressed, which alters the differentiation of pre-adipocytes and shifts from brown to white fat cells.
This alteration results in a loss of mitochondrial thermogenesis and increased lipid storage [62]. This type of
IRX-dependent shift from consuming energy to storing it in the form of adipocytes may offer the protection of
body fat under conditions where energy supply is limited. This type of defense mechanism is pertinent for lean
children in order to protect body weight [66].
Recent research suggests IRX3 may be the main mediator of obesity risk in children who are carriers of the

FTO risk variant. González-Herrera et al. observed differences in CNV of the FTO gene that was associated
with overweight status in Mexican-Mayan pediatric boys. Mexican Mayans from Yucatán have been reported to
have a much higher prevalence of overweight and obesity than the national average. When comparing FTO
risk-allele carriers to non-risk-allele carriers, adipocyte-specific expression of both IRX3 and IRX5 was
increased only in lean children. Overweight boys showed higher average CNV than boys with normal weight
[67] (Table 1). Interestingly, Mexican children from central and northern Mexico differ from those indicating a
lack of FTO rs1421085 association with obesity [68].

Other obesity-related loci
In addition to the previously mentioned chromosomal regions, there are loci in which the biological function is
not completely understood. Among these regions is 16p12.3, a 21 kb deletion located roughly 50 kb upstream
of the gene GPCR, family C, group 5, member B (GPRC5b). The protein encoded by this gene is a member of
the type-3 GPCR family. Research suggests the function of this protein may facilitate the cellular effects of
retinoic acid on the G-protein signal transduction cascade. The direct correlation between GPRC5b and the
molecular biology of obesity phenotypes is largely undiscovered [69]. Regarding the GPCR5 CNV, it has been
previously suggested that the effect of the deletion of CNV is ethnic-specific, as it has been significantly
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Table 1. Summary of studies on the relation between DNA CNVs and obesity

Locus Gene CNV Function(s) Region of activity Effect(s)

11q11 OR4P4, OR4S2, OR4C6
Olfactory Receptor
Family 4

0–8 Specifically recognizes odorous
molecules in the 1st step of
odor transduction

Expressed in the olfactory
bulb glomeruli of the brain

↓ CN =↓ obesity in
Mexican children [25]
↓ CN= ↑ obesity in
German children [23]
↓ CN= ↑ obesity in
Chinese children [26]
↓ CN= ↑ obesity
related to NASH in
Malaysian adults [27]

1p21.1 AMY1
Salivary Amylase 1

2–20 Aids in hydrolysis of α-1,4
glycosidic linkages in starch
metabolism

Expressed at high levels in
salivary glands

↓ CN= ↑ obesity in EA
and AA children [36]
↓ CN= ↑ BMI in Italian
pediatric boys [37]
CN < 6 = ↑ obesity in
Mexican children [25]
↓ CN= ↑ obesity in
European and Asian
adults [30]
↑ CN= ↑ BMI and BF
% in obese Finnish
women [26]
↑ CN= ↑ obesity and
Porphyromonas in
Mexican adults [38]

10q11.22 NPY4R (PPYR1)
Neuropeptide Y
Receptor Y4

2–8 Y4 receptor responds to PP
(appetite inhibitor)

Expressed in the
hypothalamic region of the
brain involved in appetite
control and energy
metabolism

↓ CN= ↑ BMI and
WHtR in Chinese
children [26]
↓ CN= ↑ BMI in
Chinese elderly [42]
↓ CN= ↑ obesity in
Belgian children [44]
↑ CN= ↓ obesity in
White adults [44]
↑ CN= ↑ body weight
in Swedish women
[39]

10q26.3 CYP2E1
Cytochrome p450 2E1

1–4 Involved in cholesterol and lipid
synthesis
Induced by fasting, diabetes
and obesity

Primarily expressed in the
mitochondria of hepatic
cells

↑ CN= ↑ BMI and
body fat in EA adults
[58]
↑ CN= ↑ BMI and
body fat in AA adults
[58]

16q12.2 FTO
Alpha-ketoglutarate
Dependent Dioxygenase

0–2 Involved in the regulation of
thermogenesis, adipogenesis,
fat mass, body weight and the
control of adipocyte
differentiation into brown or
white fat cells.

Expressed in adrenal
glands and brain,
specifically the
hypothalamus and
pituitary gland.

↑ CN= ↑ obesity in
Mexican-Mayan
pediatric boys [67]
↓ CN= ↑ obesity in
Chinese children [26]

16p12.3 GPRC5b
G-protein-coupled
receptor, family C, group
5, member b

0–2 Facilitates the cellular effects of
retinoic acid on the G-protein
signal transduction cascade

Not available ↓ CN= ↑ BMI and
body fat in EA adults
[69]

4q25 Intergenic region NA Modifier of rare ion channel
mutation associated with
familial atrial fibrillation

Cardiac ion channel ↓ CN= ↑ obesity in
Chinese children [26]
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associated with obesity in Europeans, who have a higher CNV deletion frequency. The same association was
not found in Chinese populations who have a lower CNV deletion frequency. The GPCR5 CNV deletion fre-
quency observed in the Mexican people by León-Mimila et al. was consistent with the previous findings in
Chinese individuals. The copy number was not associated with obesity [25]. Other loci with an incomplete
understanding contain CNV deletions that are correlated with a higher risk of childhood obesity. The 4q25
locus may be mediated by long-range regulators such as enhancers or repressors. CNVs may exert their effects
on genes as far as 1 Mb away. Little is known about the biological function of this chromosomal region [26]. In
obese-normal case-control studies, rare CNVs were found to be enriched in obese samples compared with
control samples [7]. Wheeler et al. [7] performed a genome-wide CNV analysis in 1509 early-onset obesity
patients and 5380 controls, and they discovered that significant rare CNV burden in severely obese cases. In
another early-onset obesity study, rare CNVs were discovered in 19% of obese samples compared with 3% in
control samples [70]. In a similar study of childhood obesity, clinically important rare CNVs were identified in
15% of the samples, suggesting that rare CNV events may explain a proportion of the missing heritability.
Among these CNV loci, 16p11.2 microdeletions were observed in both studies and this region harbors an
early-onset obesity risk gene SH2B1 [71]. The discovery of rare obesity-related CNV would help to identify
novel obesity candidate genes and elucidate the causal variants for obesity.

Conclusions and future directions
Human obesity has strong genetic predisposition with a relatively high heritability, but known GWAS hits only
explain less than 10% of the phenotypic variability. Common and rare CNVs may contribute to the missing
heritability in human obesity. This review summarized major obesity-related CNV loci, and understanding the
genetic mechanisms will inform to the diagnosis and treatment of the diseases. A more comprehensive classifi-
cation of CNVs may provide the basis for determining how genomic diversity affects the mechanisms of

Figure 1. Copy number variation (CNV), physiological pathways and obesity.

The gene name and pathway information are labeled in the diagram. (+) positive correlation between CN and BMI; (−) negative
correlation between CN and BMI.
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expression for obesity in children and adults of a variety of ethnicities. Compared with SNP association ana-
lysis, there is a paucity of GWAS analysis of obesity-related CNVs. The majority of the existing studies are tar-
geted analysis or based on array CGH analysis, with limited resolution to discover novel CNVs. Whole-genome
sequencing and de novo assembly approaches are needed to fully understand the role of CNVs in obesity.
Another urgent need in obesity-related CNV research is the racial and ethnic health disparity in genomics.

Perspectives
• GWAS have successfully identified many loci containing CNV related to obesity.

• CNV determines how genomic diversity impacts the mechanisms of expression for obesity in
children and adults of a variety of genders and ethnicities.

• Future research needed in obesity-related CNV research is the racial/ethnic health disparity in
genomics.
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