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Abstract

Background Obesity, one of the most common chronic health conditions worldwide, is a multifactorial disease caused by
complex genetic and environmental interactions. Several association studies have revealed a considerable number of can-
didate loci for obesity; however, the genotype—phenotype correlations remain unclear. To date, no comprehensive systematic
review has been conducted to investigate the genetic risk factors for obesity among Arabs.

Objectives This study aimed to systematically review the genetic polymorphisms that are significantly associated with
obesity in Arabs.

Methods We searched four literature databases (PubMed, Science Direct, Scopus, and Google Scholar) from inception until
May 2020 to obtain all reported genetic data related to obesity in Arab populations. Quality assessment and data extraction
were performed individually by three investigators.

Results In total, 59 studies comprising a total of 15,488 cases and 9,760 controls were included in the systematic
review. A total of 76 variants located within or near 49 genes were reported to be significantly associated with
obesity. Among the 76 variants, two were described as unique to Arabs, as they have not been previously reported in
other populations, and 19 were reported to be distinctively associated with obesity in Arabs but not in non-Arab

populations.

Conclusions There appears to be a unique genetic and clinical susceptibility profile of obesity in Arab patients.

Introduction

Obesity is a chronic health condition in which excessive
body fat has built up to a level that may cause negative
health consequences. People are considered obese when
their body mass index (BMI, kg/m2) exceeds 30 kg/m>
[1]. Our knowledge of human obesity has progressed
beyond the simple generalization that obesity is fully
explained by inappropriate eating. It is now believed
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that obesity is a complex and multifactorial disease
caused by several interactions that involve multiple fac-
tors, including genetic, metabolic, environmental, beha-
vioral, sociodemographic, and economic [2]. Excessive
fat deposition in obesity is widely considered the result
of disequilibrium between energy expenditure (i.e., lack
of physical activity) and energy intake (i.e., diet),
resulting in excess adiposity and accumulation of lipids,
primarily triglycerides, in skeletal muscle, liver, and
other organs [3, 4].

The prevalence of obesity worldwide approximately tri-
pled between 1975 and 2018 according to the World Health
Organization (WHO) [1]. In 2016, over 650 million adults
were obese, and 41 million children were either overweight
or obese [1]. It is expected that by 2025, 17% of the world’s
adults or almost 1 billion of the population will be obese,
with an estimated 177 million adults predicted to become
morbidly obese [5]. In the Arab world, the prevalence of
obesity has drastically increased during the last three dec-
ades [6]. According to the WHO, the average prevalence of
obesity in the Arab world increased from ~6.5% in 1975 to
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20% in 2016 [6]. The prevalence of obesity varies sig-
nificantly across the 22 Arab countries, ranging from as
low as 7.8% in Comoros to as high as 37.9% in Kuwait [6].
The highest number of obesity-attributable deaths in 2016
among the 22 Arab countries was reported in Bahrain
(25.69%) [6].

Arabs are a major panethnic group comprising 22
countries [7]. The ethnic composition of the Arab world
has historically been altered, yielding a high degree of
genetic heterogeneity [8]. It is noteworthy to mention that
consanguinity rates are high in most Arab countries, with
first-cousin marriage rates reaching 30% [9], this makes
the architecture of the Arab genome unique with regard to
their susceptibility to different diseases, including both
Mendelian and complex diseases [10-20]. Given that
certain ethnic groups and specific populations residing in
particular geographic areas in the Arab world are more
prone to obesity than others, genetic factors are believed to
play a key role in predisposing certain Arab populations to
obesity [21]. While genes play a fundamental role in
predisposing a person to obesity, the environment can
influence these genes both positively and negatively. In
fact the dramatic increase in the numbers of obese people
in the Arab world is believed to be largely driven by the
rapid environmental changes in the Arab world that have
occurred in the last two decades, which have brought
significant prosperity, lifestyle changes, and urbanization
to the Arab world [22]. These factors have created an
“obesogenic environment” in Arab countries, and thus,
genetic and environmental factors are believed to have a
balance that variably intertwines in the development of
obesity [22].

With the rising prevalence of obesity in the Arab world,
there has been a growing interest in understanding the
genetic architecture that renders Arabs susceptible to obe-
sity. Over the past decade, researchers have started to
sequence Arab genomes through national projects in hopes
of defining disease-associated genetic polymorphisms for
gene disorders in Arabs and to establish meaningful
genotype—phenotype correlations. Starting with Saudi Ara-
bia [23], followed by Qatar [24], and currently the United
Arab Emirates [25], these countries are establishing their
1000 Genomes Projects. These projects are crucial for
mapping potential obesity-associated genetic variants
among Arabs to help characterize Arab patients suffering
from obesity, which may ultimately improve premarital
genetic counseling, health outcomes and quality of life in
obese Arab patients.

Obesity etiology is known to be multifactorial, invol-
ving a complex interplay between genes and environment
[26]. While a genetic basis for obesity does exist, defining
the exact genetic contribution has proven to be a difficult
task [26]. The genetic heritability of obesity is estimated to
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account for 30-50% of the age- and gender-adjusted
phenotypic variances [26]. Approximately 31-90% of
interindividual body weight variability is attributed to
genetic factors [27, 28]. As many as 200 genetic variants
in various genome-wide association studies (GWASs)
have been associated with obesity in many different
populations, predominantly Europeans. Nevertheless, only
about 3% of the heritability can be explained by variants
currently known to be associate with BMI [29].

According to the genetic criteria, obesity is classified
into: (i) monogenic, when a mutated gene is responsible
for the phenotype; (ii) syndromic, when a set of specific
symptoms are present, and a small group of genes is
involved; and (iii) polygenic, also referred to as “common”
obesity, which accounts for 95% of obese cases, with
many genes adding up to provide a further risk to the
individual [30].

Given the complex nature of obesity and the fact that it
does not follow a typical Mendelian transmission pattern,
it is believed that several susceptibility genes with low or
moderate effects play a role in predisposition to the dis-
ease [31, 32]. There is firm evidence that genes influencing
energy homeostasis and thermogenesis, adipogenesis,
leptin-insulin signaling transduction, and hormonal sig-
naling peptides play a role in the development of obesity
[33-37]. Several potential obesity candidate genes and
variants have been documented, including LEP and LEPR,
which have been mainly implicated in monogenic obesity,
as well as FTO, APOE, PPARG, and PPARA which have
been mainly implicated in polygenic/common obesity
[31, 32]. However, the genotype—phenotype correlations
remain unclear. In addition, there has been relatively little
attention devoted to comprehensively investigating
genetic polymorphisms associated with obesity in Arab
populations. Therefore, in this study, we aimed to sys-
tematically review the current evidence on genetic variants
associated with monogenic and polygenic obesity in the
Arab world.

Methods

To ensure the rigor of the current systematic review, it was
designed and implemented based on the Preferred
Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines [38] (Table S1). The
described search method and selection strategy were used
to identify studies investigating the effect of obesity-
associated genetic variants, including single nucleotide
polymorphisms (SNPs), variable number tandem repeats
(VNTRs), deletions, insertions, and copy-number variants,
on obesity risk in Arab patients residing in any of the 22
Arab countries.
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Search strategy

We used four literature databases (PubMed, Scopus, Sci-
ence Direct, and Google Scholar) to retrieve all studies
related to obesity genetics in Arab populations up to May
2020. In addition, cross-referencing from the biblio-
graphies of all retrieved articles (citation tracking) was
performed. We utilized several Boolean operators and
search strings for the different electronic database searches
(Table S2).

To gain a better understanding of the ethnic distribu-
tion of the captured variants and whether they are dis-
tinctive to Arab populations (i.e., if they circulate only
among Arabs but not in other ethnic groups), we indivi-
dually searched the captured variants in the following
databases: Leiden Open Variation Database (LOVD)
(http://www.lovd.nl/), ClinVar (https://www.ncbi.nlm.
nih.gov/clinvar/), dbSNP  (https://www.ncbi.nlm.nih.
gov/snp/), Human Genome Mutation Database (HGMD)
(http://www.hgmd.cf.ac.uk/ac/index.php), Exome Var-
iant Server (EVS) (http://evs.gs.washington.edu/EVS/),
PubMed, and Google Scholar.

Study selection
The inclusion and exclusion criteria were developed using

a PECO(T) [participants, exposure, comparator, outcome
(s), and type of study] structure. However, as we are

Duplicates removed
(n = 353,803)

Records after duplicates removed
(10,645)

Records screened for titles and
(n =10,645)

Records excluded (n = 9,145) due to:
* Not related to genetics
* Non-Arab countries
* Not human
* Reviews or meta analysis

Full-text articles assessed for eligibility
(n = 1500)

Records excluded (n = 1,441) due to:

« Study population not related to obesity/
BMI/overwight

* Genetic polymorphisms are not the
primary interest

* ORs/P-values not reported

* Non-significant results (P>0.05)

Studies included in the systematic
review
(n=59)

looking for observational studies, we only considered
participants, exposure and the outcome of interest. For
inclusion, studies had to meet all the following criteria: (1)
Population: Arabs residing in Arab countries. (2) Expo-
sure: genetic polymorphisms significantly associated
with obesity (P <0.05). (3) Outcome: obesity (BMI >
30kg/m?). We included all studies reporting obesity
indices or anthropometric measures, such as BMI, fat
mass, waist circumference (WC), hip circumference (HC),
and waist-hip ratio (WHC). (4) Type of study: no study
type limits were applied. Articles published in peer-
reviewed journals were included. We excluded duplicate
publications, studies on animal subjects, studies con-
ducted on non-Arabs, case series, review articles, and
articles not in the English language. The PRISMA flow
chart for study selection is shown in Fig. 1.

Three scientists (SY, Al and R.A.-J) worked inde-
pendently in identifying, screening, and performing the
quality control of the extracted data from the four litera-
ture databases. All citations were exported to Endnote X9,
and duplicate citations were removed. Articles were
screened in two stages: [1] the first stage involved per-
forming the initial screening of the titles and abstracts,
and assessing relevance for the scope of the systematic
review according to our inclusion/exclusion criteria, [2]
the second stage involved retrieval of the full text of each
potentially relevant study and screening for content to
decide on its inclusion. Articles for which full-text articles
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could not be retrieved or only abstracts were available
were reviewed for content and were included if they met
the inclusion criteria. Points of discrepancies were
resolved through discussion between SY, Al, and R.A.-J,
and additional points of debate were further resolved with
HZ until a consensus was reached.

Data extraction

The following information was extracted and recorded:
genes associated with obesity, chromosomal location,
gene function, significantly associated variant (P < 0.05),
SNP ID, country of origin, clinical phenotype reported in
the study, cases (n), controls (n), gender and age (if
mentioned), the number of individuals screened for gene
variants vs number of obese individuals carrying variants,
associated allele/genotype, methods (including baseline
characteristics and genotyping techniques) and statistical
data [crude odds ratios (cOR) and adjusted (aOR), 95%
confidence interval (CI), P value]. Finally, the ethnic
distribution of each variant was recorded. A thorough
search was conducted in public databases (ClinVar and
dbSNP) for any missing information.

Quality assessment

Quality assessment was performed using the assessment
tools of the National Heart, Lung, and Blood Institute of the
National Institutes of Health (NIH): [1] the NIH Quality
Assessment tool for Observational Cohort and Cross-
Sectional Studies; and [2] the NIH Quality Assessment
tool for Case-Control Studies [39]. The NIH tools cate-
gorizes studies as either good, fair, or poor. Table S4
summarizes the quality assessments of the 59 studies that
were included in this systematic review.

Results

A total of 1500 full-text articles were assessed for elig-
ibility, among which 59 studies met our inclusion criteria
and were included in the systematic review (Fig. 1). Most
of the studies were case-control studies (n=49). The
remaining were cross-sectional (n =9) and cohort GWA
analysis (n =1). The studies included in the systematic
review comprised a total of 15,488 cases and 9760 con-
trols. The studies captured Arabs from 12 Arab countries,
and most of the studies were conducted in Saudi Arabia
(n=15) and Egypt (n=15), followed by Tunisia (n =
14). Fewer studies were conducted in the United Arab
Emirates (n =4), Kuwait (n = 2), Iraq (n = 2), Morocco
(n=2), Bahrain (n =1), Qatar (n = 1), Lebanon (n =1),
Jordan (n=1), and Algeria (n=1) (Fig. 2). No genetic
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Fig. 2 Classification of the included studies according to country.
Most of the studies were conducted in Saudi Arabia (25%) and Egypt
(25%), followed by Tunisia (24%). Fewer studies were conducted in
the United Arab Emirates (7%), Kuwait (3%), Iraq (3%), Morocco
(3%), Bahrain (2%), Qatar (2%), Lebanon (2%), Jordan (2%), and
Algeria (2%). No genetic data were captured from the remaining 10
Arab countries (Yemen, Oman, The Comoros Islands, Djibouti,
Mauritania. Somalia, Sudan, Libya, Syria, or Palestine). The number
of captured variants was 76 located within or near 49 genes.

data were captured from the remaining ten Arab countries
(Yemen, Oman, The Comoros Islands, Djibouti, Maur-
itania. Somalia, Sudan, Libya, Syria or Palestine). The
number of captured variants comprised 76 located within
or near 49 genes (Table 1, Table S3, and Fig. 2). Data are
summarized in Table 1 and Table S3. Among the 49
genes included in this systematic review, FTO was the
most frequently studied gene in Arab patients with obe-
sity (reported in 14 different articles) (Table 1, Table S3).
In this systematic review, variants in the F7O gene were
captured from six Arab countries (Saudi Arabia, Tunisia,
Egypt, Iraq, Kuwait, and United Arab Emirates) (Table 1,
Table S3). Other commonly studied genes were LEP (n =
7), ADIPOQ (n=4), and LEPR (n=3). All remaining
genes were reported only once or twice (Table 1).
According to the number of variants reported per gene,
most variants were captured in LEP, with eight obesity-
associated variants reported among Arabs (rs11761556,
rs7799039, c.104T>G, c.34delC, rs104894023,
rs1349419, rs2167270, and tetranucleotide repeat (TTTC)
n) from 7 studies that were conducted in two Arab coun-
tries (Tunisia and Egypt) (Table 1, Table S3). The
remaining variants were primarily captured in ADIPOQ (7
variants), FTO (5 variants), and LEPR (3 variants). The
remaining genes had one or two variants (Table 1, Table
S3). Among all 76 variants captured in this study, FTO
rs9939609 was the most commonly studied variant,
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[116]

P value Reference

0.009

95% CI
1.10-2.08

1.52

OR

Cases (n) Controls (n) Clinical phenotype
155 Moderate and extreme
obesity

337

Saudi Arabia

Country

SNP ID
rs1800592

Variant
A>G

Table 1 (continued)

Gene
UCPI

SPRINGER NATURE

[116]
[117]
[118]

[104]

0. 007
0.0004
0.0004
0.0096

1.33-6.25

0.18 0.07-0.44
0.18 0.07-0.44

NR

2.89

Moderate obesity

155

337

Saudi Arabia
Saudi Arabia
Saudi Arabia
United Arab

Emirates

rs3811791

UCPI

Severe obesity

65

86
84
915

45-bp ins/del
45-bp ins/del

uce2

Obesity and T2D

Obesity

29

Ucp2

NR

1492400

USP37

—_ = . =

NR NR
NR NR
NR NR
NR NR

2.33

Obesity

489

402

Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia

Egypt

rs1544410
rs1544410
1s731236
1s731236
1s731236

Bsm-I
Bsm-I
Taql

VDR

Obesity

100
489

200
402

VDR

Obesity

VDR

Obesity

100

200

Taql

VDR

1.34-4.1

Obesity

60

50

Tagql

VDR

CI confidence interval, OR odds ratio, NR not reported

*Unique genotype—phenotype correlation.

**Unique variant.

reported in eight studies conducted in six different coun-
tries (Egypt, Saudi Arabia, Tunisia, Iraq, Kuwait, and
United Arab Emirates) in association with obesity (Table 1,
Table S3).

Among the 76 variants in 49 different genes, two
variants were unique to Arabs (LEP: c.104T>G,
c.34delC) (i.e., reported in Arabs and not reported in any
other ethnic groups) (Fig. 3). The remaining 74 variants
were classified into two different categories based on
their genotype—phenotype correlation. The first category
included variants with unique genotype—phenotype cor-
relations in Arabs; i.e., they are distinctively associated
with obesity among Arabs but have been reported in
association with clinical conditions other than obesity
among different ethnicities (19 variants) (Fig. 3). The
second category included variants that were reported in
association with obesity in Arabs as well as other
non-Arab ethnic populations and were thus considered
common variants, i.e., shared with other ethnicities (55
variants) (Fig. 3). Data on the ethnic distribution of the
captured variants is summarized in Table S3.

Statistical data from the 59 individual studies included
in this systematic review are shown in Table S3. Overall,
57 studies reported cORs, which ranged from 0.18 to
44.60, with a median of 2.39 (interquartile range
1.62-3.57), and 49 studies reported aORs that ranged from
0.07 to 13.76, with a median of 1.65 (interquartile range
1.29-2.18) (Table S3). Among the 57 studies which
reported cORs, PRDM16: 152651899 conferred the stron-
gest association with obesity (cOR =44.60, 95% CI:
11.60-172.02, P =0.0001). Among the 49 studies, which
adjusted for confounders, MTHFR: rs1801133 conferred
the strongest adjusted association (aOR =13.5, 95% CI:
2.82-64.67, P =0.001).

Discussion

To our knowledge, this is the first systemic review to
comprehensively summarize all genetic polymorphisms
associated with the risk of developing obesity in Arab
patients. In this systematic review, we captured 76 genetic
variants from 59 eligible studies, comprising 15,488 cases
and 9760 controls. We identified 76 variants in 49 genes
(Table 1, Table S3). Among the 49 genes that have been
reported, the FTO gene, reported in 14 different articles,
was the most frequently studied gene among Arab patients
with obesity. The FTO gene is one of the most common
genes that has been studied around the world in association
with obesity [40]. FTO is highly expressed in the hypo-
thalamus and functions as a regulator of appetite and energy
expenditure [41-44] (Table S3). In this study, five captured
variants were located in the FTO gene, all of which are
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Fig. 3 Geographic distribution of obesity-associated genetic poly-
morphisms in the Arab world. A total of 76 variants were reported to
be significantly associated with obesity. Among the 76 variants, 55

intronic variants (rs11642841, rs1421085, rs17817449,
rs3751812, 1s9939609), reported in six Arab countries
(Saudi Arabia, Tunisia, Egypt, Irag, Kuwait, and United
Arab Emirates) (Table 1, Table S3). The variant FTO:
rs9939609 was the most commonly studied variant among
all 76 variants captured in this study (Table 1), reported
eight times in six different countries (Egypt, Saudi Arabia,
Tunisia, Iraq, Kuwait, and United Arab Emirates) in asso-
ciation with obesity (Table 1, Table S3). FTO; rs9939609
has been previously reported in several other Non-Arab
ethnicities in association with energy intake, eating habits,
and susceptibility to obesity [45-51].

According to the number of variants reported per gene,
most were captured in LEP, with eight obesity-associated
variants reported among Arabs (rs11761556, 157799039,
c.104 T> G, c.34delC, rs104894023, rs1349419, 152167270,
and tetranucleotide repeat (TTTC) n) from seven studies
conducted in two Arab countries (Tunisia and Egypt) (Table
1). The remaining variants were primarily captured in ADI-
POQ (7 variants), FTO (5 variants), and LEPR (3 variants).
The remaining genes had one or two variants each (Table 1).

Among the 76 variants captured in this systematic
review, two were unique to Arabs, as they were not
previously reported in any other ethnic groups and were

| Syria K
Lebanon

’ Iraq
Palestine ~ Kuwait

\ ] .
. Jordan ’VA
A LA \/‘ = LR Bahrain
S ae .

United Arab
25 Emirates

Oma;y

Saudi Arabia A

Sudan
{

» \ ! L

~ i -
\ M \/ pibout Qmaha/,
-

Shared genotype-
phenotype correlation

O

unique genotype-
phenotype correlation

A
* Unique SNP

Comoros

exhibited shared genotype—phenotype correlation, 19 showed unique
genotype—phenotype correlation, and two were described as unique to
Arabs, as they were not previously reported in other ethnicities.

identified in the original study as novel, both of which are
located in LEP (c.104 T > G, c.34delC) (Fig. 3).

Variants unique to Arab countries

Two variants were found to be unique to Arabs, both of
which are located in LEP (c.104 T > G and c.34delC) [36]
(Table 1). These two variants were identified as novel
homozygous variants and were not previously reported in
any database. The missense variant c.104 T>G was
identified in a 7-month-old boy who presented with
excessive weight gain. This variant resulted in an amino
acid substitution from isoleucine to serine at position 35
(p. Ile35Ser) and was predicted to likely be pathogenic
[36] (Table 1, Table S3). The variant c.34 delC is a
deletion of a cytosine nucleotide at position 34, causing a
frameshift in the protein and changing the leucine at
position 12 of the protein [36] (Table 1, Table S3).
Functional analysis revealed that these two variants are
likely to be disease-causing [36]. The LEP gene has
globally been reported to contribute to the pathogenesis of
obesity [52]. LEP regulates the leptin-melanocortin sig-
naling pathway, which regulates appetite and energy
homoeostasis (Table S3).
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Variants with unique genotype-phenotype
correlations in the Arab world

Out of the 76 captured variants that have been reported to be
significantly associated with obesity in Arab world coun-
tries, 19 variants were found to exhibit genotype-phenotype
correlations that are unique to Arabs, given the fact that they
were reported to be distinctively associated with obesity
among Arab, but not non-Arab populations. Notably, these
variants have been associated with other clinical conditions
(i.e., different from obesity), in non-Arab populations.

The variants with unique genotype—phenotype correlations
in Arabs were primarily located in LEP and IL-6, with two
variants in each of the two genes. The two LEP variants
17799039 and rs11761556, which have been associated with
obesity in Tunisia (Table 1), were reported to be associated
with breast cancer and systemic lupus erythematosus in
Chinese and Mexican populations (Table 1). The two IL6
variants, rs1800795 and rs1554606, reported in Egypt and
Saudi Arabia, respectively (Table 1, Table S3, Fig. 3), are
considered unique to the Arab region according to
genotype—phenotype correlation, as they were only reported
in other ethnic populations with inflammatory conditions,
such as osteoporosis in Taiwan [53] (Table 1, Table S3). The
IL6 gene encodes interleukin-6 (IL-6), an immune modulator
and proinflammatory cytokine involved in regulation of the
acute phase response [54]. IL6 levels increase with increasing
body fat content, and it plays an important role in glucose
disposal, lipolysis, and fat oxidation. Therefore, impaired 1L6
represents a risk factor for increased body weight (Table S3).

Other variants that were found to be associated with
obesity only in Arab countries include MTFHDI
1s2236225, EXT: rs3740878, PRDMI6 152651899, and
TP53 1s1042522 (Table 1, Table S3, and Fig. 3). These
variants have been significantly associated with congenital
heart defects in Iran, type 2 diabetes mellitus in China,
migraine in China, and cervical cancer in China [55-58]
(Table S3). This is not surprising because obesity is known
to progress or cause other diseases. Therefore, it is not
unexpected to identify common genes and mechanisms
between obesity and other associated diseases.

Notably, PRDM16: 132651899 variant that conferred the
strongest association with obesity (cOR =44.60, 95% CI:
11.60-172.02, P =0.0001) (Table S3), has not been asso-
ciated with obesity in any non-Arab ethnic population. It has
been primarily associated with a higher risk of migraines, as
revealed by a large GWAS of over 5000 patients [59].

Finally, we investigated the significant and unique genes
and variants associated with obesity in Arab countries and
further classified them as common or unique in terms of the
manifested phenotype among other ethnic groups. Never-
theless, further studies need to be performed to highlight the
significance of these genes in contributing to the direct

SPRINGER NATURE

pathogenesis of obesity. This review may help build a
platform for designing a gene panel to test the susceptibility
of Arab patients to obesity and will also be useful globally
for molecular diagnostic purposes.

Variants shared with other ethnic groups in terms of
genotype-phenotype correlation

Out of the 76 captured variants that have been reported to be
significantly associated with obesity in Arab countries
worldwide, 55 variants located in 35 different genes were
found to exhibit genotype-phenotype correlations that are
shared between Arab and non-Arab populations, given the
fact that they were reported in association with obesity in
both Arabs and non-Arabs.

Most of the variants in this category were located in
ADIPOQ, the second most common gene according to the
number of obesity-associated variants among Arabs. ADI-
POQ had seven variants, all of which were found to be shared
with other  ethnic populations according to
genotype—phenotype correlation (Table S3). These seven
variants were reported in Tunisia, Egypt, and Jordan (Table 1,
Fig. 3). Among them, is the intron variant rs1501299, cap-
tured in obese patients from Egypt, Jordan, and Tunisia
(Table 1). This variant was previously reported to be among
the top-ten obesity risk-associated SNPs in a randomly
recruited cohort of Spanish children and adolescents aged
5-17-years-old [60]. ADIPOQ gene is a critical gene that
contributes to obesity and has been investigated worldwide,
having been reported in other ethnic groups, such as Japanese
and Portuguese populations in association with obesity
[61, 62], as well as being reportedly associated with both type
2 diabetes mellitus and obesity in South India [63] (Table S3).

The remaining variants in this category were primarily
located in FTO and LEP, with five and four variants in each
gene, respectively. FTO is the third most common gene
according to the number of obesity-associated identified
variants in Arabs (Table 1, Table S3). FTO variants
(rs11642841,  rs1421085, rs17817449, rs3751812,
r$9939609), which have been linked to obesity in six Arab
countries (Table 1, Fig. 3), and according to the clinical
phenotype, they are considered as “common variants”; as
they were found to be associated with obesity in other non-
Arab countries, including China, Croatia, and Brazil (Table
S3). LEP variants (c.313C>T, rs1349419, rs2167270,
(TTTC) n polymorphism) have been associated with obesity
in other non-Arab ethnic countries, including Pakistan,
Mexico, Malaysia, and India [36, 64—66] (Table S3).

Strengths and limitations

The strengths of this study lie in the fact that it is the first
systematic study to comprehensively summarize all
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reported obesity-associated genetic polymorphisms in the
Arab world. We conducted a comprehensive search using
stringent predetermined inclusion and exclusion criteria and
thorough analyses of each article included. Despite pre-
cluding a meta-analysis, key findings were reported narra-
tively. Nevertheless, our study has some limitations. First, it
is noteworthy to mention that obesity is a complex multi-
factorial disease that can progress or cause other diseases,
such as type 2 diabetes mellitus hypertension, dyslipidemia,
cardiovascular disease, and nonalcoholic fatty liver disease
[67, 68]. Therefore, most studies in the field of obesity
include other metabolic syndromes, and most of the time,
the patient group had obesity as well as other metabolic
syndromes. This makes investigating the genetic poly-
morphisms that are only linked to obesity more challenging;
thus, many of the significantly reported genes will also be
associated with other metabolic syndromes. Moreover,
because of recently available genome-wide association
studies, over 227 genetic variants have been associated with
polygenic obesity. However, the available studies are often
heterogeneous with regard to their design and operational
quality, which adds to the complexity of evidence and
conclusion synthesis. Furthermore, the included studies also
varied vastly in sample size and variables measured, as well
as the degree to which they controlled for confounders. In
addition, despite thoroughly searching the existing literature
on obesity-associated genetic polymorphisms in the Arab
world, we found relatively few genetic association studies
on obesity risk in the Arab world.

Conclusions

The epidemic of obesity has been largely attributed to chan-
ges in lifestyle habits established over the past three decades.
These changes are mainly attributed to dietary and behavioral
trends such as decline in physical activity. However, the
obesogenic environment is not sufficient to determine the
presence of obesity, a combination with genetic predisposition
is required. This systematic review was designed to compre-
hensively assess all genetic variations significantly associated
with obesity risk in Arab countries. Our findings indicate that
Arabs have distinct disease susceptibility genotypes that are
responsible for obesity. Although some of the obesity-
associated variants mentioned in this study have been repor-
ted in other ethnic groups, the complex gene-environment
interactions allow for enrichment of these genotypes, thus
predisposing individuals of these ethnic groups to obesity.
Our study creates a paradigm for future well-controlled epi-
demiological studies that will allow dissection of the genetic
architecture that renders Arabs susceptible to obesity and thus
may in the future serve as a platform to design a gene panel
for early, accurate, and presymptomatic diagnosis of obesity.

Despite our comprehensive search strategy, the dearth of
genetic association studies related to obesity in the Arab
world suggests a need for additional well-designed genetic
association studies to serve as the basis for understanding the
genetic architecture that renders Arab populations susceptible
to obesity.
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