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Abstract: The increased prevalence of metabolic diseases in the Arab countries is mainly associated
with genetic susceptibility, lifestyle behaviours, such as physical inactivity, and an unhealthy diet. The
objective of this review was to investigate and summarise the findings of the gene-lifestyle interaction
studies on metabolic diseases such as obesity and type 2 diabetes in Arab populations. Relevant
articles were retrieved from a literature search on PubMed, Web of Science, and Google Scholar
starting at the earliest indexing date through to January 2024. Articles that reported an interaction
between gene variants and diet or physical activity were included and excluded if no interaction
was investigated or if they were conducted among a non-Arab population. In total, five articles
were included in this review. To date, among three out of twenty-two Arab populations, fourteen
interactions have been found between the FTO rs9939609, TCF7L2 rs7903146, MC4R rs17782313,
and MTHFR 151801133 polymorphisms and diet or physical activity on obesity and type 2 diabetes
outcomes. The majority of the reported gene-diet/ gene—physical activity interactions (twelve)
appeared only once in the review. Consequently, replication, comparisons, and generalisation of
the findings are limited due to the sample size, study designs, dietary assessment tools, statistical
analysis, and genetic heterogeneity of the studied sample.

Keywords: Arab populations; gene-lifestyle interaction; single nucleotide polymorphism (SNP)

1. Introduction

Non-communicable diseases (NCDs) have been shown to account for 73% of the
global mortality rate worldwide [1]. The global prevalence of NCDs, such as obesity
and type 2 diabetes (T2D), is increasing, and the study of the global burden of metabolic
diseases reported that the mortality rate for obesity and T2D has risen from 2000 to 2019,
with an annual increase of 0.8% and 0.5% for T2D and obesity, respectively [2]. Obesity
is a progressive chronic disease that plays a significant role in the acceleration of T2D
pathogenesis through the development of insulin resistance [3,4]. Metabolic diseases are
multifactorial in nature, with their aetiology influenced by the interaction between genetic
predisposition and environmental factors such as physical activity (PA) and diet [5,6].

In Arab populations, which, according to the 2023 census, was estimated to be around
473 million people [7-9], there has been a massive shift in the prevalence of NCDs [10].
Additionally, the prevalence of obesity and T2D among Arab adults ranged between 8% and
24% [11], with a threefold increase observed between 1975 and 2016 [12]. Although Arabs
share a common language and history, the Arab population is considered a heterogeneous
ethnic group due to significant demographic, geographic, socioeconomic, and political
diversity [13,14]. Irrespective of the economic diversity that exists across these countries,

Nutrients 2024, 16, 2519. https:/ /doi.org/10.3390/nu16152519

https:/ /www.mdpi.com/journal /nutrients


https://doi.org/10.3390/nu16152519
https://doi.org/10.3390/nu16152519
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0003-4610-3016
https://orcid.org/0000-0001-9383-7181
https://orcid.org/0000-0001-7633-9455
https://orcid.org/0000-0002-8485-8930
https://doi.org/10.3390/nu16152519
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu16152519?type=check_update&version=1

Nutrients 2024, 16, 2519

20f17

the increased incidence of obesity and T2D is primarily associated with lifestyle behaviours,
such as smoking, physical inactivity, and changes in dietary practices [15,16]. Genetic
association studies on obesity were conducted in 12 Arab countries, which revealed a total
of 76 single nucleotide polymorphisms (SNPs) in 49 genes that were found to be associated
with obesity and its related traits [12]. Among these SNPs, 55 were previously reported
in different populations, while 21 SNPs were distinctively associated with obesity among
Arab populations only [12]. Additionally, 57 SNPs in 32 genes associated with T2D were
reported in 13 Arab populations [17-20].

It should be noted that the genetic heritability of obesity and diabetes ranges between
30% and 70% [5], with approximately 700 genetic loci associated with obesity and 400 with
T2D [3]. However, research on gene-diet interactions has revealed that environmental
modifications can mitigate the genetic susceptibility to obesity and T2D [5]. Furthermore,
lifestyle changes, such as weight management programs, have demonstrated improved
glycaemic control in diabetic patients and a preventive effect on impaired glucose tolerance
in individuals with prediabetes [21]. Regrettably, while gene—diet interactions have been
extensively studied in Western populations, this area remains understudied in other regions
of the world, particularly in the Middle East [22,23]. This systematic review comprehen-
sively examines, evaluates, and synthesises the findings of gene-lifestyle interaction studies
conducted in Arab populations.

2. Materials and Methods
2.1. Inclusion and Exclusion Criteria and Search Strategy

The Arab population refers to the member nations of the Arab League, which include
22 countries spread over 13 million km? on the Arabian Peninsula and Northern Africa,
including Algeria, Bahrain, Comoros, Djibouti, Egypt, Iraq, Jordon, Kuwait, Lebanon,
Libya, Mauritania, Morocco, Oman, the Palestinian Authority, Qatar, Saudi Arabia, Somalia,
Sudan, Syria, Tunisia, the United Arab Emirates, and Yemen. We included articles that
investigated the interaction between SNPs and dietary factors, smoking, or physical activity
on the primary traits related to metabolic diseases that were conducted in Arab populations.
The studies included both observational and dietary intervention studies and those studies
that were written in English. We excluded articles that did not investigate gene-lifestyle
interactions in humans or were not based in any of the 22 Arab countries. To explore the
published articles, a literature search was conducted on the PubMed (National Library of
Medicine) database, Google Scholar, and Web of Science, starting from the earliest indexing
date to the end of January 2024 (Figure 1). To ensure literature saturation; the references
from relevant articles were reviewed, and researchers, M.M.A. and E.EV,, independently
performed search strings. Supplementary Table S1 presents the search strings used.

2.2. Data Collection, Extraction, and Synthesis Methods

The studies were identified by a single investigator (M.M.A.) and verified by a second
investigator (E.E.V.) through independent search strings. Titles and abstracts were screened
blindly to evaluate them against the pre-established inclusion criteria. This was followed by
full-text screening and discussions between M.M.A. and E.F.V. The reviewers ensured con-
sistency in the data extraction process, which encompassed the publication year, participant
location or ethnicity, sample size, study design, exposure, gene name, reference SNP 1D,
genotype, and minor allele. A narrative synthesis approach was employed to compile data
focusing on populations; factors related to physical activity and diet; study designs; SNPs;
obesity- and diabetes-related traits; and p-values for gene-lifestyle interactions concerning
the primary outcomes associated with obesity [e.g., body mass index (BMI), adiposity,
and waist-to-hip ratio (WHR)] and diabetes traits such as glycated haemoglobin (HbAlc),
fasting glucose, or insulin secretion. p-values for interactions were utilised to evaluate the
significance level of gene-diet and gene-physical activity interactions in relation to obesity
and diabetes traits. To synthesise the studies, they were sub-grouped based on the studied
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exposures, further categorised by traits of obesity or diabetes, and ultimately grouped
based on SNPs.

All identified gene-diet and gene—physical activity interaction p-values were tabulated
with a summary of the study design, ethnicity, sample size, gene name, SNP (rsID), and
assessment tool (Table 1), whereas only significant interactions with the exposure and
outcome variables were presented in (Figure 2).

( Identification of Studies via Databases )
Records identified in relation to Records removed before screening:
& obesity/ diabetes: Duplicate records removed from PubMed
T Records identified from: and Web od Science using automation
= MEDLINE (PubMed) (n = 2311) too; (n = 112)
k5 Google Scholar (n =2790) et
=2 Web of Science (n =43)
Total = 5144 articles
L Records excluded (n =5009)
. l Reasons irrelevant to the objective of the
review (n =5009)
Title/ abstracts screened in relation to Y,
2 obesity/ diabetes:
§ (n =5032)
8 1 Reports excluded (n = 18):
{ Full-text articles assessed for eligibility } Duplicate Nutrigenetic Records (n = 5)
(n=23) Nutrigenetic studies in:
S Brazil (n=2)
— Turkey (n=1)
India (n=2)
Greece (n=1)
T Gene-gene interaction studies (n = 3)
3 Genome wide association study (n=1)
2 [Studies included in review (n= 5) ‘ Review (n=2)

/

Figure 1. PRISMA flow chart illustrating the exclusion criteria and studies selection.

—

Table 1. Studies reporting significant interaction between gene variants and dietary intake or physical
activity on obesity and type 2 diabetes traits among Arab populations.

Gene Symbol SNP and Minor Study Ethnicity/ BMI Dietary Outcome Pinteraction References
and Name Nucleotide Allele Design Sample Status Intake/ Measure
Change Size Physical
Activity
Assessment
Tool
FTO rs$9939609 A Case- Emiratis Normal/ Lifestyle BMI 0.027 [24]
Fat Mass and A/T control 414 overweight/ questionnaire SNP * PA
Obesity- study obese
Associated
gene
FTO rs$9939609 A Cross- Lebanese = Normal/ Culture- Body fat/ - [25]
T/A sectional 308 overweight/ specific, BMI/
study obese 80-item semi- Muscle
quantitative Mass
FFQ
FTO 159939609 A Crogs— Lebanese Normal/ IPAQ * and BMI 0.02 [26]
T/A sectional 392 overweight  157-item, semi- SNP * PA
study %i:laQntltatlve WHR 0.023
SNP * MD
FTO rs1558902 A Cross- Lebanese = Normal/ Culture- Body fat/ - [25]
T/A sectional 308 overweight/ specific, BMI/
Study obese 80-item semi- Muscle
quantitative Mass

FFQ
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Table 1. Cont.
Gene Symbol SNP and Minor Study Ethnicity/ BMI Dietary Outcome Pjnteraction References
and Name Nucleotide  Allele Design Sample Status Intake/ Measure
Change Size Physical
Activity
Assessment
Tool
TCF7L2 Cross- Normal/ Culture- Body fat 0.013
Transcription rs78(}?31}46 T sectional Lebanese overweight/ specific, SNP * [25]
Factor 7 Like 2 study 308 obese 80-item semi- dietary fat
ene quantitative "
8 FFQ BMI 0.016 SNP
dietary fat
Muscle 0.032 SNP *
mass dietary fat
Cross- . Normal/ T2D risks 0.05
TCF7L2 “78%146 T sectional Algerian  Uerweight/ Weekly FFQ SNP * [27]
study 737 obese dessert
T2D risks 0.01
SNP * milk
intake
FBG 0.02 SNP *
desserts
MC4R Cross- IPAQ and WC 0.039
Melanocortin- r517T78é313 C sectional Lebanese ~ Normal/ ht  157-item, semi- SNP * MD [26]
4 receptor / study 392 overwelg quantitative
gene FFQ WHR 0.037
SNP * MD
WHR 0.006
SNP * PA
MTHFR rs1801133 T CI'OSS- Lebanese Normal/ IPAQ and WC 0.012 [26]
Methylenete- C/T sectional 392 overweight  157-item, semi- SNP *
trahydrofolate study quantitative dietary
reductase FFQ energy
gene WC 0.039
SNP * MD
rs2470890 C
CYP1A2 T/C Cross- Normal/ Self—tjeported 0.0513
Cytochrome sectional Lebanese overweight/ caffeine T2D SNP [28]
P450 proteins  rs2069526 G etud 7607 N & consumption Caffeine
gene T/G y obese intake
rs762551 C
A/C
rs2572304 G
A/G
rs4646427 C
C/T
VDR rs1544410 C Case- Emiratis Normal/ Lifestyle BMI - [24]
Vitamin D C/T control 414 overweight/ questionnaire
Receptor gene study obese

* SNP: single nucleotide polymorphism; MD: Mediterranean diet; FFQ: Food Frequency Questionnaire; IPAQ:
International Physical Activity Questionnaire; BMI: body mass index; T2D: type 2 diabetes; FBG: fasting blood
glucose; WC: waist circumference; WHR: waist-to-hip ratio.
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Polymorphisims Obesity Type 2 Diabetes
/. ™
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— / t Body fat (Lebanese) N\
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TT * | Saturated fat instake + BMI (Leb )
. ebanese
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rs7903146 :
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| SNP*1 Desserts intake > Pint=0.02
= 1 T2D risks (Algerians)
| SNP*1 Milk intake _
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TR N
» 1 WC (Lebanese)
CC *| Adherence to MD Pint= 0.039
- S
X
* 1WHR (Lebanese)
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/'T WC (Lebanese) M
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« 1 WC (Lebanese)
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rs1801133 «} WC (Lebanese)
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Pint= 0.039
Y
CYPIA2 | « 1 T2D risks (Lebanese)
52470890 ikl Pint= 0.0512
—/

Figure 2. Interactions of polymorphisms with diet and physical activity on obesity and diabetes traits.
1 indicates an increase, | indicates a decrease, * indicates an interaction.

2.3. Quality and Risk of Bias Assessments

The present article follows the Synthesis Without Meta-analysis (SWiM) in Systematic
Reviews: Reporting Guideline recommendations [29]. The risk of bias (RoB) was evaluated
using the appraisal tool for Cross-Sectional Studies (AXIS) [30], the RoB in Non-randomized
Studies—of Interventions (ROBINS-I) assessment tool [31], and the Cochrane risk of bias
tool for randomized trials (RoB 2) [32]. The outputs for the RoB can be found in Supplemen-
tary Tables S2-54. This systematic review was registered at the International Prospective
Register of Systematic Reviews (PROSPERO) (ID: CRD42023405449).
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3. Results and Discussion
3.1. Outputs from the Search Strategy

The search strategy produced a total of 5144 results. A total of 112 duplicate articles
from PubMed and Web of Science were removed using automated tool “Rayyan”. After
reviewing the titles and abstracts, 5009 articles were excluded, resulting in 23 articles, of
which 18 were excluded after reading the full text (Figure 1). Only five articles were deemed
suitable for inclusion in this review, of which three studies were conducted on the Lebanese
population [25,26,28]. The remaining two studies were conducted on Algerian [27] and
Emirati [24] populations, respectively.

3.2. Gene-Lifestyle Interactions on Obesity and Diabetes Traits

3.2.1. Gene-Diet and Gene-Physical Activity Interactions on Obesity Traits
Interaction between SNP TCF7L2 rs7903146 and Diet on Obesity in the
Lebanese Population

Transcription Factor 7 Like 2 (TCF7L) SNP rs7903146 is one of the most extensively
studied SNPs in relation to obesity and T2D. The association of this SNP with the risk of
T2D has been previously established in various populations [33-35], and evidence suggests
that it may interact with diet to impact obesity indicators [34,36].

In a cross-sectional study involving 308 Lebanese adult participants (age > 18 years), an
interaction between SNP rs7903146 and diet was observed on obesity-related outcomes [25].
The study reported significant interactions between the intake of energy from saturated fat
and the risk allele “T” on higher body fat (Pinteraction = 0.013), BMI (Pinteraction = 0.016), and
lower muscle mass (Pinteraction = 0.032) (Table 1 and Figure 2). However, TT homozygous
individuals showed a higher risk of obesity, even when their saturated fat consumption
was lower. No interaction of the SNP with total dietary fat, monounsaturated fatty acid
(MUFA), or polyunsaturated fatty acid (PUFA) intake was observed.

The mean daily energy intake in this study involving Lebanese adults was
3600 £ 2029 kcal/day, with fat intake contributing to 39% of the daily total energy in-
take [37]. It is recommended that saturated fat intake should not exceed 10% of daily
energy [38], which is according to Recommended Daily Allowances (RDAs) ranges be-
tween 1900 and 2220 kcal/day for women and 2300 and 2900 kcal/day for men [38].
Additionally the Lebanon food-based dietary guidelines have set the daily caloric intake
as 2000 kcal/day [39]; however, in this study on Lebanese adults, the saturated fat intake
ranged from <36 g (16%) to >44 g (20%), which is noticeably higher than the recommenda-
tions from the published guidelines (<10%) [40]. Besides highlighting the role of genetic
heterogeneity, the study also demonstrated the significance of reducing the consumption of
saturated fat intake in the Lebanese population irrespective of genetic susceptibility. Several
studies have examined the interaction of the SNP rs7903146 with dietary fat intake on
obesity traits; however, the findings have been inconsistent. Among 771 obese Europeans,
an intervention study found that participants who were TT homozygous for SNP rs7903146
and had a high-fat diet experienced lower weight loss compared to TT carriers on a low-fat
diet [41]. Another interventional study involving 588 overweight and obese Americans
reported that there was a significant interaction between SNP rs7903146 and dietary fat on
lean mass [42]. The decrease in lean mass was significant only in common homozygous
individuals (CC) on a low-fat diet (20-25% of daily energy) compared to the high-fat diet
group (40-45% of daily energy). However, among those with the rare homozygous TT geno-
type, there was no significant difference in lean mass loss between the two diet groups [43].
In a study of 309 German adults at risk of T2D, a lifestyle intervention consisting of a
low-fat (<30%), low-saturated fat (<10%), and high-fibre diet showed that SNP rs7903146
risk allele “T” carriers had reduced BMI values compared to other genotypes [43].

The results indicated that SNP rs7903146 risk allele “T” carriers who were on high-fat
or high-saturated fat diets may experience increased obesity risks in Lebanese (n = 308)
and European populations (n = 771) [25,41]; yet, this evidence was not identified when
the same interaction was studied among Americans (n = 588) [43]. Evidence from the
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German population (n = 309) reported an improved effect on lowering obesity risks when
TT carriers were put on a low-fat, low-saturated fat, and high-fibre diet [43], therefore
indicating the need for similar interventions among Lebanese populations.

Interaction between MC4R SNP rs17782313 and Diet or Physical Activity on Obesity in the
Lebanese Population

The Melanocortin 4 Receptor (MC4R) gene is responsible for regulating food intake
and energy balance [44], and the MC4R gene SNP rs17782313 has been reported to be
associated with a higher risk of obesity and insulin resistance [45,46].

A cross-sectional study investigated the interaction between multiple SNPs and the
Mediterranean diet in 392 healthy adult Lebanese participants (age 34.7 & 11.5 years) in
relation to obesity outcomes [26]. The study found an interaction between the risk allele
“C” of the SNP rs17782313 and a weak adherence to the Mediterranean diet (MD) with a
higher waist circumference (WC) (Pinteraction = 0.039). However, “C” allele carriers with
strong adherence to the MD also exhibited high WC values (Pinteraction = 0.01). Similarly, CC
homozygotes with a strong adherence to the MD showed a greater waist-to-hip ratio (WHR)
(Pinteraction = 0.037) (Table 1 and Figure 2) [26]. Although an interaction was observed be-
tween the SNP rs17782313 and physical activity for the WHR (Pjnteraction = 0.006) (Table 1
and Figure 2), high levels of physical activity did not attenuate the association between the
risk allele “C” with a higher WHR. These results suggest that carrying two copies of the risk
allele “C” is associated with obesity among Lebanese participants regardless of their physi-
cal activity level and MedDiet score. It is worth noting that the study only included healthy
individuals with a mean BMI of 25.15 + 4.66 kg/m? (normal and overweight only) [26],
which might have introduced selection bias due to the exclusion of obese participants. In
addition, although the researchers employed a validated method to assess physical activity
[short version of the International Physical Activity Questionnaire (IPAQ)] [26], only the
validity and reliability of the Arabic long version of IPAQ have been previously assessed
among Arab populations [47], while the language used in this study was not specified [26].
Therefore, it can be assumed that a translated version of IPAQ was utilised, which has not
been validated in this population [48]. Furthermore, a systematic review on the validity of
the short version of the English IPAQ revealed an 84% overestimation of physical activity,
suggesting weak evidence supporting the use of the short version of IPAQ as an indicator
of physical activity [49]. In this study, 48% of the participants were classified as moderately
active, 30% as highly active, and only 22% with a low activity level [26], whereas a previous
study that used self-reported exercise type and frequency to assess leisure time physical
activity using the updated Compendium of Physical Activities reported that 67% of the
participants were inactive [50]. These findings support evidence of the overestimation of
the physical activity level when using the short version of the IPAQ.

In contrast, a systematic review of fourteen studies on individuals from different
non-Arabic countries (Indian, German, Canadian, Swedish, Chinese, Finnish, Spanish,
Danish, and Czech) noted that adherence to the MD can influence the association between
the MC4R SNP rs17782313 and the risk of developing T2D and obesity, where increased
adherence to the MD was associated with lower risks of obesity and T2D [51]. However,
studies investigating the interaction between SNP rs17782313 and diet on cardiometabolic
traits specifically in Middle Eastern populations have only been conducted in Iran. A study
involving 188 men and women from Iran reported that individuals homozygous for the
risk allele (CC) exhibited an interaction with low adherence to healthy eating patterns,
such as the Healthy Eating Index-2015 (HEI) and the Diet Quality Index-International
(DQI-I), resulting in higher fasting blood glucose (FBG) levels and systolic and diastolic
blood pressures in obese Iranian men [52]. Another interaction was observed between
the CC genotype and moderate adherence to the HEI, leading to higher levels of LDL-C
among obese Iranian women [52]. In a study involving 288 obese Iranian participants, CC
carriers with high adherence to the Dietary Approach to Stop Hypertension (DASH) diet
showed lower serum glucose concentrations among men. Additionally, low adherence to
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the MD was associated with lower agouti-related peptide (AgRP) concentrations in men
with the CC genotype [53]; AgRP is an antagonist, and its overexpression has been linked
to obesity [54]. Notably, the MD did not show an association with MC4R rs17782313 [53].
In a study of overweight and obese Iranian women (n = 266), an interaction between the C
allele and high adherence to the DASH diet was found to lower the cardiovascular disease
risk [55]. Additionally, a study in 3850 adult Iranians observed that increased adherence to
healthy dietary patterns showed an interaction with the “C” allele on lower obesity risk in
this population [56]. These findings cannot be compared with the results from the Lebanese
study [26], given that the Lebanese study did not include obese participants and did not
test for the gene-MD adherence interaction on obesity in both sexes.

Interaction between MTHFR SNP rs1801133 and Diet on Obesity in the
Lebanese Population

In a cross-sectional study of 392 healthy adult Lebanese individuals, an interaction was
observed between the SNP rs1801133 and energy intake (EI) on WC (Pinteraction = 0.012) [26].
Individuals carrying two copies of the risk allele “T” exhibited higher WC even when con-
suming a low daily energy diet (<1831 kcal), with the WC measuring 86.7 £ 15.2 cm for
TT carriers compared to 86 £ 13 cm for CC carriers. Although statistically significant, these
differences have little clinical importance. A similar finding was observed for the WC when
examining the impact of increased adherence to a MD (Pinteraction = 0.039), where the adher-
ence to a MD did not protect against obesity for TT carriers in this population (Table 1 and
Figure 2). These findings suggest that the risk allele of SNP rs1801133 was associated with
obesity risk among Lebanese individuals regardless of their consumption of a low-energy diet.
The methylenetetrahydrofolate reductase (MTHFR) gene encodes methylenetetrahydrofolate
reductase, which plays a crucial role in folic acid metabolism and contributes to DNA methy-
lation [57]. Methylenetetrahydrofolate reductase aids in the conversion of homocysteine to
methionine and, subsequently, into S-adenosylmethionine. Studies have indicated that carry-
ing the risk allele “T” of MTHFR SNP rs1801133 leads to impairment of folic acid metabolism,
resulting in higher plasma homocysteine levels and lower serum folate levels [57,58]. A recent
meta-analysis of fourteen studies conducted on North Americans, Europeans, and Asians
(710 cases /607 controls) reported a significant association between increased homocysteine
levels and obesity regardless of dietary habits, nutritional status, insulin resistance, medical
conditions, or genetic background [59]. These studies may partly explain the inability to pro-
tect against obesity among Lebanese individuals carrying the risk allele “T” of SNP rs1801133,
despite adhering to a healthy diet [57-59].

Interaction between FTO rs9939609 and rs1558902 and Diet or Physical Activity on Obesity
in the Lebanese and Emirati Populations

The Fat Mass and Obesity Associated (FTO) gene, which is profoundly expressed in the
hypothalamus, has been shown to be essential in the encoding for the protein involved in the
oxidative reactions, fatty acid metabolism, and energy metabolism [57,60-62]. FTO genetic
variants such as rs9939609, rs1121980, and rs1558902 have been shown to be associated with
obesity and its related outcomes [63,64].

In a cross-sectional study of 392 healthy adult Lebanese individuals, interactions
were observed between FTO SNP rs9939609 and physical activity levels on higher BMI
(Pinteraction = 0.02) (Table 1 and Figure 2). Despite having high levels of physical activity,
people with the AA genotype had the highest BMI (25.6 4 4.3 kg/m?) [26]. Additionally,
an interaction was found between the AA genotype of SNP rs9939609 and low adherence
to the MD on increased WHR (Pinteraction = 0.023 for low MD scale) (Table 1). However, the
validity of the interaction between SNP rs9939609 and high PA on BMI is questionable,
since the study excluded obese individuals, and the interactions were not consistent across
all obesity indicators such as the BMI, WC, and WHR [26]. Furthermore, using BMI as the
sole indicator of obesity may not be accurate, especially when no sex- or ethnicity-specific
cutoffs have been established [65]. Moreover, the interaction of SNP rs9939609 with lifestyle
factors on obesity outcomes was only adjusted for the following confounders: age, sex,
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and physical activity. However, it should be noted that 30% of participants were cigarette
smokers, and 65% consumed alcohol. Additionally, the prevalence of waterpipe smoking
(hookah) was found to be 37% among Lebanese individuals, making it the highest in the
Middle East [66]. Considering that hookah smoking has also been strongly associated
with obesity [67], future gene—diet interaction studies should also consider adjusting for
smoking. Another factor associated with obesity in the Eastern Mediterranean region is
income, which has also been linked to low adherence to the MD [68,69]. Previous studies
emphasised the importance of controlling or adjusting for all potential covariates when
determining the relationship between an exposure and outcomes [70,71]. Overlooking
these potential covariates may have influenced the results of the gene-diet/gene—physical
activity interactions in the present study [26].

In contrast, a cross-sectional study of 308 adult Lebanese individuals (both obese and
non-obese) found no significant interactions between dietary factors, including carbohy-
drates, fat, protein, saturated fat, MUFA and PUFA, and FTO SNPs rs9939609 or rs1558902
on the BMI, body fat, or muscle mass [25]. This lack of interaction between SNP rs9939609
and dietary intake is consistent with the aforementioned study of 392 Lebanese participants,
where the daily energy intake and percentages of fat, carbohydrate, and protein intake did
not show any interactions with the BMI, WHR, and WC [26]. Similarly, a study on Polish
women (n = 201) also reported no interaction between SNP 159939609 and PA on the BMI
levels [72]. However, in an adult Turkish population (n = 400), rs9939609 risk allele “A”
showed an interaction with low PA on obesity risk [73]. It should be noted that the absence
of interaction between FTO SNPs and lifestyle factors in the Lebanese population may be
attributed to the relatively small sample size (n = 308), which is a common challenge in
candidate gene studies [74].

Although both studies of Lebanese populations were cross sectional-studies [25,26]
and utilised a food frequency questionnaire (FFQ), one study employed a 157-item [26],
while the other an 80-item, FFQ [25]. Research has indicated that FFQs with a larger
number of items yield more precise results [75,76], potentially influencing the reliability
of reported interactions among Lebanese participants [25,26]. Furthermore, it is essential
to consider the historical context of Lebanon when discussing genetics, as the Lebanese
population is multi-ethnic [77]. Immigration trends throughout history have resulted in a
highly heterogeneous population in Lebanon [78,79]. For example, the last racial census
conducted in 1932 categorised the population into Maronites, Druzes, Greek Orthodox,
Greek Catholics, Sunnites, Shiites, Armenians, and other minority groups [77,80]. Therefore,
the genetic heterogeneity and lack of available data on ethnicity distribution may have
contributed to the population stratification in the studied samples, which is a common
pitfall in candidate gene studies [81].

A case—control study was conducted among 414 obese and non-obese adult Emirati
participants (mean age = 55.7 & 13.14 years) to explore the interaction of FTO and VDR
SNPs with physical activity on obesity outcomes [24]. The study reported an interaction
between the “A” risk allele of SNP rs9939609 and high physical activity levels with lower
BMI levels (Pinteraction= 0.027) after adjusting for age and systolic blood pressure (Table 1 and
Figure 2) [24]. These findings suggest that the association between SNP rs9939609 and obesity
can be modulated by physical activity levels among Emiratis. Similar observations have been
demonstrated in previous studies, indicating that the genetic risk of obesity can be modulated
by the levels of physical activity [25,82-84]. In a Spanish population, there was a significant
interaction between the A allele of FTO SNP rs9939609 and low physical activity levels on
increased BMI values (Pinteraction = 0.001) [85]. In addition, a meta-analysis that included data
from five European cohorts from Denmark, Germany, the United Kingdom, Italy, and the
Netherlands reported an interaction between FTO SNP rs9939609 and the energy from fat,
carbohydrates, and protein on obesity traits such as the BMI and WC, respectively [86]. In a
cross-sectional study of 4839 Swedish adults, an interaction was observed between the SNP
rs9939609 and fat intake on the BMI where TT carriers who consumed a high-fat diet and had
low physical activity levels had higher BMI levels [87].
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In general, FTO SNP rs9939609 has consistently shown a significant association with
the risk of obesity in six different Arab populations (Egyptian, Saudi Arabian, Tunisian,
Iraqi, Kuwaiti, and Emirati) [12]. Studies have suggested that this association may be
attributed to increased energy intake, food responsiveness, and decreased satiety [88].
Therefore, it is crucial to comprehend the underlying mechanism involved in the interaction
between food intake and FTO SNPs on obesity traits.

Interaction between VDR rs1544410 (Bsml) and Physical Activity on Obesity in the
Emirati Population

The Vitamin D Receptor (VDR) gene encodes for the vitamin D receptor, which is a nu-
clear receptor abundantly expressed in various tissues and aids in vitamin D formation by
binding to the active hormonal form of vitamin D (1,25-dihydroxyvitamin D) [89]. Vitamin
D is involved in different biological process in the body, including skeletal metabolism, the
immune system, and cell functions [90,91]. Of the several VDR gene polymorphisms [92],
Bsml (rs1544410) has been reported to be associated with obesity and T2D in different
ethnicities, including Arabs [91]. The case—control study of 414 adult Emirati participants
investigated the interaction between VDR SNP rs1544410 and physical activity on obesity;
however, no significant interaction was observed (Table 1). The study also failed to demon-
strate an association between the SNP and BMI [24]. This lack of association between SNP
rs1544410 and obesity traits aligns with another study that examined the association be-
tween Bsml and components of metabolic syndrome (Mets) in adult Emiratis (n = 198) [92].
The significant association between the BsmI SNP risk allele “C” and obesity-related traits
was also explored in different ethnic groups, including four Arab populations, as well as
Brazilian, Polish, French, Swedish, and Vietnamese populations, where the association
remained consistent across all aforementioned nine cohorts [91]. It is worth noting that
approximately 63% of the overweight and obese participants were diabetic; however, the
results were not adjusted for diabetes status when reporting the interaction between the
SNP and physical activity on the BMI [24]. Failure to adjust for appropriate confounders
can result in a confounding bias, thereby negatively impacting the validity of epidemiolog-
ical studies [93]. All clinical and biochemical assessments, including weight/height and
lifestyle questionnaire, were not explicitly explained in the methodology, and there was no
evidence that measurements were conducted by trained staff [24]. The use of self-reported
height and weight can often result in an underestimation of the BMI, as participants tend
to report higher height and lower weight values [94].

3.2.2. Gene-Diet Interactions on Diabetes Traits
Interaction between TCF7L2 SNPs rs7903146 and Diet on T2D in the Algerian Population

A cross-sectional study was conducted on 737 Algerian adults, including 76 individ-
uals with diabetes (mean age = 52 + 9.5 years) and 644 non-diabetic individuals (mean
age = 43 £ 9.6 years), to investigate the interaction between the TCF7L2 SNP rs7903146 and
dietary intake on T2D outcomes [27]. Significant interactions were observed in diabetic
subjects between the “T” risk allele and a high intake of desserts (consuming > one per day
of pastries, custards, pudding, sorbet, etc.) and high milk intake (>twice per day) on the
increased risk of T2D (Pinteraction = 0.05 and Pinteraction = 0.01, respectively). In non-diabetic
subjects, the risk allele “T” showed an interaction with a high intake of desserts on increased
FBG levels (Pinteraction = 0.02) (Table 1 and Figure 2). The results indicate that Algerians
carrying the risk allele who consume high amounts of sugar and milk are at a higher risk of
developing T2D. Dietary intake in this study was assessed using a weekly FFQ consisting
of 17 items, which may underestimate the actual variations in food intake [95]. However,
it was not specified whether this FFQ was culturally sensitive and accurately captured
the dietary intake of Algerians to enhance its validity [96]. Additionally, the researchers
grouped food items to test the interactions, overlooking the nutritional profiles of these
foods (macronutrients and micronutrients content), for example, pudding and custard
were classified as “desserts” but they often contain “milk”, which was another category in
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the study [27]. In the study, the milk group did not eventually mean protein, nor did the
dessert group mean refined carbohydrates and added sugars; therefore, the study findings
cannot be generalised to all food items within the same food group (dairy and alternatives
or processed high-fat, salt, and sugar groups) [97]. Furthermore, the quantification of
portion sizes was inadequate, as the intake frequency was categorised into two groups
using the median as the cutoff value (non-/low intake < median value and moderate/high
intake > median value) [27]. It is also important to note that the number of diabetic pa-
tients in this study was considerably low (n = 76) [27], which brings an imbalance to the
number of cases and controls. The small sample size is considered a major limitation in
gene—diet interaction studies [98], and hence, taking these factors into consideration, there
is insufficient evidence to conclude that high milk and high dessert intake increase the risk
of diabetes in Algerians carrying the risk allele [27].

The Interaction between CYP1A2 SNPs rs2470890, rs2069526, rs762551, rs2472304, and
rs4646427 and Diet on T2D in the Lebanese Population

The Cytochrome P450 Family 1 Subfamily A Member 2 (CYP1A2) gene, which belongs
to the widely distributed superfamily of enzymes known as cytochrome P450, is highly
expressed in the liver and plays a crucial physiological role in the metabolism of numerous
endogenous substances such as sterols, testosterones, cholesterol, and bile acids, as well as
the detoxification of xenobiotics like caffeine [99-102].

In a study including 7607 Lebanese adults (mean age = 61.3 & 11.4 years), no significant
interactions were observed between CYP1A2 SNPs rs2069526, rs762551, rs2472304, and
rs4646427 and coffee consumption in relation to T2D [28]. However, a borderline interaction
was reported between the C allele of the SNP rs2470890 and coffee consumption on T2D
(Pinteraction = 0.0512) (Table 1 and Figure 2). This study identified associations between SNPs
rs762551 and rs2472304 and T2D, while SN rs2470890 was found to be associated with
T2D only through its interaction with coffee intake (>3 cups a day) [28]. This interaction
could be due to the effect of SNP rs2470890 on slowing the metabolism of caffeine, resulting
in its accumulation in the body, which might have reduced the death rate of beta cells
and, consequently, reduced the risk of T2D [28]. No similar investigation of the interaction
between CYP1A2 SNPs and coffee or caffeine intake in relation to T2D risk has been
performed in other Arab populations, highlighting the need for further studies in this
area. The interaction between genes and caffeine intake has been examined in relation
to obesity and chronic diseases in other populations [103]; however, the findings have
been inconsistent.

Out of the five CYP1A2 SNPs tested in the Lebanese study [28], only SNP rs762551 was
examined for its interaction with caffeine on T2D in other populations. In a hypertensive
adult Italian population (n = 1180), the “C” allele of the SNP rs762551 did not show any
interaction with caffeine intake in relation to the glycaemic index [104]. Conversely, a
British study of non-habitual coffee drinkers (n = 30) found that the “C” allele showed
an interaction with caffeine, leading to a lower postprandial glycaemic index in healthy
adults [105]. However, a randomised, single-blinded trial of healthy American men (n = 20)
reported that the “C” allele of the SNP rs762551 showed an interaction with caffeine and
carbohydrate meals on increased postprandial glucose compared to only carbohydrate
meals [106]. These results indicate that there is not sufficient evidence to determine the
effect of caffeine/coffee and SNP rs762551 interaction on T2D outcomes.

3.3. Risk of Bias Assessment
Quality and Risk of Bias Assessments

According to the AXIS assessment, the included cross-sectional studies had a moder-
ate risk of bias overall, with samples that were not representative of the studied popula-
tions [25-28]. In the study by Platt et al. [28], coffee consumption was used as a categorical
variable, reducing the statistical power of the study. Furthermore, the study did not provide
methodological information about the questionnaire’s development, validity, or adminis-
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tration method (self-administered or interview with a trained personnel). It also failed to
discuss the internal limitations. The only case—control study conducted by Khan et al. among
201 obese, 115 overweight, and 98 normal weight Emirati people [24] was evaluated using
the ROBINS-I tool, which revealed concerns about the potential for confounding bias in
the measurement of the effect of exposure. The study examined the physical activity levels
dichotomously without providing further details or a prior definition of physical activity.
Additionally, when the outcome was T2D, the multiple linear regression only considered
age and systolic blood pressure, failing to account for other important confounders such
as sex or the BMI [24]. It is important to note that all gene-lifestyle interaction studies in
Arab populations used a single SNP approach and did not calculate weighted or unweighted
genetic risk scores (GRSs). GRSs can be either obtained from the external independent weight
or internal marginal weight and are considered more effective approaches [107].

Our study had several strengths, including being the first systematic review to explore
the interaction between environmental factors and different SNPs on metabolic disease-
related outcomes in Arab populations. Another strength is the comprehensive search
strategy aimed at including all available gene-lifestyle interactions in Arab populations. In
addition, the assessed risks of bias of selected studies were conducted using standardised
tools, such as AXIS and ROBINS-I, which enhanced the validity of the assessment. Regard-
ing the limitations of the systematic review (meta-biases), the high heterogeneity across
the studies precluded effective comparisons. The narrative synthesis was limited to the
available evidence, and the reported results used p-values for interactions, which alone
does not reveal the size of the effects of the interactions.

4. Conclusions

In summary, these findings underscore the limited number of gene—diet or gene—
physical activity interaction studies conducted among Arab populations compared to other
ethnic groups. This systematic review reveals that only three out of twenty-two Arab
populations have been examined. Notably, the studies were predominantly conducted
in Lebanon (n = 3), with one study in Algeria and another in the United Arab Emirates.
Consequently, most SNPs appeared only once in this review. The heterogeneity in sample
sizes, study designs, dietary assessment tools, and genetic backgrounds poses challenges
for the replication, comparison, and generalisation of the findings. Given the high preva-
lence of metabolic diseases in Arab populations, there is a critical need for further research
on gene-lifestyle interactions. Such research can provide valuable insights for developing
interventions that mitigate the occurrence and impact of chronic diseases. Additionally,
combining the results of nutrigenetic studies with advancements in nutrigenomics, epige-
netics, metabolomics, and gut microbiome research using machine learning and artificial
intelligence can facilitate the development of predictive models. These models can assist in
tailoring personalised guidelines to effectively manage disease prevalence and incidence in
the Arab populations.
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