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Abstract

Obesity prevalence has been growing exponentially over the last few decades, with a high impact in high-income
countries, like Qatar. Several approaches are attempting to understand the causes of this phenomenon however
more important is what to do to reverse the trends. Obesity is widely studied, mostly in Europe and the Unites
States, and a number of studies have demonstrate the role of specific gene patterns, transcriptome and proteome
pathways, and gut microbiome strains. The Omics sciences have a great potential to investigate the determinants of
non-communicable diseases, such as obesity. Nutritional genomics sciences apply all the Omics approaches to
address nutrition-related diseases, investigating the interaction between genes and diet. To date, few data are
available from nutrigenomic studies conducted in Middle East and particularly in Qatar to help the design of targeted
interventions. The high incidence of obesity and the peculiar genetic make-up of the Qatari population provide
opportunities for exploring nutrigenomic approaches to help addressing the problem.
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Introduction
Obesity, diabetes, cardiovascular diseases, and other non-

communicable diseases (NCDs) account for more than 60 per cent of
annually global deaths [1], and this is estimated to increase
exponentially by 2025. The World Health Organization (WHO) defines
as overweight a body mass index (BMI) ≥ 25 kg/m2, and as obesity a
BMI ≥ 30 kg/m2 [2,3]. The global prevalence of the overweight and
obesity is on the rise, as demonstrated by the first Global Burden of
Metabolic Risk Factors of Chronic Diseases in 2008 [3], and confirmed
by the Global Burden of Disease Study 2013. The first study analyzed
data from 199 countries and territories and 9.1 million adults with
respect to the prevalence of overweight and obesity between 1980 and
2008 [3], and demonstrated that the prevalence of obesity nearly
doubled worldwide during that 28-year period (about 34% overweight
and 12% obesity). More recently, the analyses for the Global Burden of

Disease Study 2013 [4] further documented that worldwide, the
proportion of adults with a BMI of 25 kg/m2 or greater increased
between 1980 and 2013 from about 29% to 37% in men and from
about 30 to 38% in women. Since 2006, the increase in adult obesity
seems to have leveled off in several high-income countries, but the
incidence generally remains higher than in most low- and middle-
income countries [5] (Figure 1A).

Obesity in Qatar
The Middle East has a peculiar demographic pattern and

environmental characteristics reflective of an obesogenic environment.
The Middle East also has the highest prevalence of obesity in relatively
high-income economies (Figure 1B). BMI is considered the most
relevant risk factor for NCDs and high BMI frequency is duplicated in
the decades 1990 to 2010 in the high-income Arab countries,
explaining the increase in NCDs as causes of death [6,7]. In the Qatari
context, between 2004 and 2010, the top four NCDs causes of death in
Qatar were: circulatory disorders; cancers; endocrine, nutritional and
metabolic disorders; and respiratory diseases. The distributions of
deaths from these major causes in 2012 were as follows: circulatory,
18.3% total (20%, Qatari population); neoplasms, 16.1% total, (21.6%,
Qataris); endocrine and metabolic, 9.9% total, (14.1%, Qataris);
respiratory, 5.5% total, (7.5%, Qataris) [8]. Diabetes accounts for a very
high proportion of the 14.1 per cent mortality from endocrine,
nutritional and metabolic disorders. NCDs are the main cause of death
in Qatar [9]. Health statistics reveal that, in 2010, the total deaths in
Qatar among the different age-groups due to NCDs was approximately
50 percent [10].

Nutrition & Food Sciences Sodlati et al., J Nutr Food Sci 2016, 6:2
http://dx.doi.org/10.4172/2155-9600.1000472

Review Article Open Access

J Nutr Food Sci
ISSN:2155-9600 JNFS, an open access journal

Volume 6 • Issue 2 • 1000472

mailto:aterranegra@sidra.org
http://dx.doi.org/10.4172/2155-9600.1000472


Established but modifiable risk factors for obesity, cardiovascular
disease and diabetes include physical inactivity, excessive energy intake
and consumption of animal fats, including trans fatty acids. During the
past four decades, Qatar has gone through a revolution in its socio-
economic status, which has led to changes in their food habits,
consumption patterns, lifestyles, and health status [9,11-13]. The
healthy traditional food habits, characterized mainly by the
consumption of vegetables, fruits, milk and beans, shifted to a western-
like food habits characterized by higher intake of meat, trans fats, and

carbohydrates, coupled with lower intake of vegetables and fruit, which
are the main risk factors for obesity [14-16]. The sedentary lifestyle
together with an obesity-promoting diet has led to the marked increase
in levels of overweight and obesity among Qatari [13]. This change in
dietary pattern and lifestyle among Qatari population is associated
with increased prevalence of diet-related chronic diseases such as
cardiovascular disease (CVD), type 2 diabetes mellitus (T2DM),
hypertension, obesity, cancer, and osteoporosis [17-21].

Figure 1: Prevalence of overweight worldwide (Figure 1A) and Middle East (Figure 1B) from 2014 WHO country profile (Reprinted from
“Prevalence of overweight, age 18+, 2010-2014 (age standardized estimate). Both sex. 2014”, http://gamapserver.who.int/gho/
interactive_charts/ncd/risk_factors/overweight/atlas.html, Copyright WHO 2015).

The data about obesity are alarming, with more than 70% of the
adult population overweight or obese [4]. The young population is
extremely affected, as well. A cross sectional study of 1213 Qatari
children (683 girls and 530 boys) aged 9-11 years old showed that the
prevalence of overweight and obesity affected 21.1% and 17.7%,
respectively [22]. In another study, Bener and Kamal [23] reported that
the overall prevalence of overweight and obesity among children and
adolescents was 19.8% and 4.3%, respectively [23]. The prevalence of
overweight and obesity increased with age with a maximum rate was
observed among boys compared to girls. The same pattern was
observed among adolescents. Results of a study conducted among a
representative sample of 1167 secondary school children (526 boys and

641 girls) aged 14-20 years old, showed that 21.4% of adolescents were
overweight and 20.7% were obese [24].

Genetic determinants of obesity: the peculiar case of Qatar
A paper published in Nature Genetics in the 2009 identified 17 new

loci associated with BMI [25] resulted from a genome wide association
study (GWAS). These loci were linked to appetite control, neuronal
control, growth and development, intracellular lipid transport,
adipocyte metabolism, and cellular apoptosis. The Database Online
Mendelian Inheritance in Man (OMIM) identifies more than 500 gene
variants associated to the obesity [26]. Although GWAS studies
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identified a rich source of candidate genes, which permit a
personalized nutritional approach to obesity, they not yet defined the
genetic pathway that underlies obesity onset in the general population
[27,28]. Additionally, it has to be noted that most of these studies have
mainly been focused on Western populations and their findings do not
necessarily apply to populations of a different genetic background. A
recent study interestingly showed that the genetic risk for T2DM
decreased as humans migrated toward East Asia, highlighting a genetic
risk differentiation across human populations [29].

In Qatar and other Middle East countries, local studies are lacking.
Clearly, additional research is warranted to clarify possible specific
genetic determinants in population disproportionately affected by
obesity and NCDs, like the Qatari and Middle Eastern populations.
The Qatari population is characterized by a very small size and a
peculiar genetic background that defines three genetic groups
according to their migration history (Bedouin, Persian-South Asian,
and African tribes) [30]. Moreover the practice of first-cousin
marriages has resulted in high level of inbreeding, with a consanguinity
rate that can reach 54% [31]; noteworthy, more than 70% of the adult
population is overweight or obese [4]. A recent study from Mezzavilla
and colleagues [32] has pointed carbohydrate metabolism as one of the
functional pathways identified by homozygosity mapping in the Qatari
population. Additionally, two studies started to explore possible
candidate genes for obesity in Qatari subjects: the first identified an
association of PPARγ variant with obesity and hypertension [33]. The
second one has tested the relevance of 23 loci found associated to
obesity in previous studies in the Qatari population. The SNPs were
chosen as mapping within or nearby well-documented obesity genes
(including FTO and MC4R) and as representative of the obesity status
(both in terms of BMI and waist circumference) [34]. Interestingly,
only two of the 23 SNPs were found to be associated to obesity in the
Qatari population, suggesting the existence of additional loci whose
number and effect size still remain unknown. A more intense effort
should be put in the identification of obesity loci specific for the Qatari
population.

Although genetic factors can determine the propensity of an
individual to develop obesity, the recent increase in obesity probably
reflects environmental and lifestyle changes where dietary change is a
major contributor and could interact with the genetic background [35].

Nutrigenomic approaches to obesity
Nutritional genomics refers to sciences that study the interactions

between dietary components and the genome as well as resulting
changes in gene expression, proteins and metabolite activities.
Transcriptome, methylome, metabolome, and microbiome
composition are the arguments pointed by nutrigenomics and
metabolomics. Recently, advanced technologies (as next generation
sequencing, high-density micro-arrays, mass spectrometry, and
bioinformatics) allowed us to easily approach these sciences [36]. Great
interest is growing around the opportunities from the personalized
nutrition and its application to the complex diseases, as obesity. Several
studies reported significant results in nutrigenomics, but we are far
from the complete list of food-gene interactions [37,38]. Some
successful examples are in cancers: for example, Lee and colleagues
demonstrated that β-carotene consumption is protective against breast
cancer in subjects with the diplotype TG: TG at codons 786-894 of
NOS3 gene, on the contrary vitamin E is protective in TC or TT
individuals for NOS3 codon 786, and in GT or TT for NOS3 codon
894 [39]. Fatty fish consumption was inversely associated with risk of

prostate cancer in Swedish men carrying the variant rs5275 at gene
COX2 [40]. Naturally, also obesity studies identified potentially genetic
targets interacting with specific nutrients [41], for example a study
from Mattei et al. [42] demonstrated that dietary fat intake interacts
with TCF7L2 rs7903146, changing BMI, total fat mass and trunk fat
mass [42]; another study from Zhang et al. [43] found that high-
protein diet interacts with FTO rs15558902, improving weight loss,
body composition and body fat distribution [43]. Other examples
come from literature particularly from Europe and America, while the
situation is different in Middle East, where the nutrigenomic approach
to obesity and NCDs is still starting first attempts. Fahed et al. [15] 3
years ago, asked a call for nutritional genomics research in Arabic
countries from North Africa to the Middle East [15]. In the meantime,
only few studies were completed: the first study measured the
metabolic perturbations in T2DM patients in Qatar; another one
evaluated the DNA methylation in T2DM Palestinian patients; the last
evaluated the smoking effect on DNA methylation in Qatari subjects
[44-46].

Under the definitions of epigenetics we can insert the classical DNA
methylation and histone acetylation mechanisms, as well as miRNA
transcriptional control. It’s well established that epigenetic mechanisms
are involved in obesity, creating the “cycle of obesity” among the
generations [47]. Both maternal and paternal diet influences obesity
susceptibility in the offspring [48]. On the other hand, maintaining the
appropriate metabolite level depends on gene regulation operated by
specific miRNAs in target tissues, like adipose tissue, pancreas, liver,
etc. [49]. The only Qatari study on epigenetics investigated possible
epigenetic effects of smoking. The authors confirmed other population
data, finding higher smoking impact in women, particularly in two
proteins AHRR and PAR4, involved in cell growth and differentiation
and platelet activation, respectively [45]. Another study in Arab
population is from Toper off and colleagues, who identified an inverse
correlation between leukocyte methylation status and T2DM,
independent of sex and BMI, but increased by age [46].

Recent whole-genome transcriptome studies demonstrated different
gene pathways activation in obese subjects. Lee et al. [50] investigated
a time-course change in gene expression in mice during 24 weeks high
fat diet, and identified differential expressed gene in oxidative
phosphorylation, lipid metabolism and cell cycle pathways. The
authors also investigated the differences in brown adipose tissue (BAT)
genes respect to white adipose tissue (WAT), reporting increased levels
of leptin and adiponectin in BAT and a consequent differential
immune response [50]. A similar study measured the gene expression
changes in mice WAT and liver tissues after long-term high fat diet,
and confirmed a transcriptome transition in the 24 analyzed weeks,
that evolved in the perturbation of lipid metabolism and immune
system homeostasis [51]. The only human study is conducted on 1200
multiethnic subjects, and more the 10.000 gene levels were measured
in purified monocytes. The authors demonstrated that the most
significant pathway associated to BMI was cholesterol metabolism.
Moreover they discovered that this pathway correlated with the
inflammatory markers IL-6 and CRP, and with increased risk to
develop type 2 diabetes and coronary arterial calcifications [52]. No
Qatari or Arabic transcriptome studies on obesity were identified in
recent publications.

Microbiome and metabolomics
Gut microbiota is a dynamic structure, which evolves from the birth

to adulthood, and several factors such as diet, genetic background, and
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immune status affect its composition. Alterations in one or more of
this mechanism may be the cause of microbiome shift in several
chronic inflammation diseases, like inflammatory bowel diseases,
obesity, diabetes, asthma, non-alcoholic fatty liver disease (NAFLD)
[53,54]. Advances in technologies, like next generation sequencing
(NGS), allowed evaluating the whole microbiota composition in
different conditions. The composition of the microbiota can modulate,
through different mechanisms, the efficiency of energy extraction from
the diet [55], lipid metabolism and storage in the liver and adipose
tissue, intestinal permeability, modulating secretion of
enteroendocrine hormones, affecting bile acid metabolism and
inducing metabolic endotoxemia and inflammation [56-58].

It is now recognized that the development of obesity is associated
with alterations in the gut microbial composition and activity. Obese
individuals have an altered gut microbiota compared to lean controls
[56]. Analysis of the gut microbiome and metabolic functions in obese
and lean mice revealed an enrichment of genes involved in energy
harvest, including genes involved in sensing and degrading dietary
mono- and polysaccharides [59,60], in small chain fatty acids (SCFAs)
metabolism [61], and amino acid metabolism, generating bioactive
metabolites, as histamine and γ-amino butyric acid (GABA), which
have immune-regulatory and anti-inflammatory functions [57]. Both
intestinal and systemic inflammation, associated to different
microbiota pattern, was observed in obese subjects vs not obese
subjects, due to dendritic cell activation [62], and to the increased
intestinal permeability. Several immune cell receptors, like Toll-like
receptors (TLRs), have been shown to be activated by
lipopolysaccharides (LPS), bacterial DNA, and peptidoglycan derived
from the gut microbiota, leading to cytokine production and inhibition
of insulin signaling through NF-kB or MAPK pathways [63]. The gut
microbiota thus directly contributes to obesity by increasing energy
harvest and nutrient metabolism from the diet, and activating
inflammatory response.

Altered dietary intake has a major impact on gut microbial
composition [64], and this can promote obesity and increase the risk of
developing NCDs. Both its cellular composition and gene transcription
network are rapidly altered in response to dietary shifts [56,65,66].
Dietary modification and probiotics / prebiotics supplementation are
suggested as possible therapeutic approach to obesity, diabetes and
other metabolic diseases, which involve microbiome changes [67-69].

Single countries or population studies well demonstrated that
microbiome is influenced by environment and genetics, and changes
across among populations [64,70,71], and the current knowledge about
microbiome comes mostly from European and American studies. No
data are available about microbiome composition in Qatari
population, and moreover no study correlated microbiome with
obesity in this population. We expect to find peculiar microbiome
pattern in this population that could explain the higher incidence of
obesity and CVDs [12].

Few studies were published on microbiome and human diseases in
Middle East. A paper from Qatar University described possible
microbiome investigation with germ-free animal models, and one
study was already published on male fertility and microbiome role
using this model [72,73]. The only human study is from Alokail and
colleagues, which described the protocol to investigate probiotic effects
in Saudi T2DM patients. The study is in progress and hopefully, it will
provide evidences of benefic effects in diabetic patients, modulating
microbiota and reducing inflammatory response [74].

Microbial activity is evaluated also measuring bacterial and human
produced metabolites. Diet can modulate metabolite phenotype, and
targeted analyses are performed to evaluate the effect of specific diets
on metabolic disorders [75]. Several metabolomics studies have
already been performed in the field of obesity and T2DM [76,77].
Metabolites from lipids, amino acids, and carbohydrates pathways are
associated with BMI [78]. Mostly intercellular lipid intermediates,
sphingolipids and bile acid intermediates are associated to obesity [77].
Microbial metabolism produces SCFAs from host amino acids, and
changes in plasma levels of some amino acids are associated with
T2DM [79], particularly aromatic amino acids. In a Qatari study,
predictors of T2DM were identified in different body fluids, saliva,
plasma, and urine, at different timescales of glycemic control, revealing
a connection between metabolites across the body fluids and a specific
association of metabolites with the timescales of glycemic control [44].

Future perspectives in Qatar
The nutrigenomic tools show a great potentiality for Qatar

development and to improve health care system. The current studies
about obesity in Qatar are mainly focused on epidemiology
[6,20,21,80,81], genetics [33,34], cellular studies [82], and
metabolomics [44]. No data are available about nutrigenomics,
epigenetics, and transcriptome and microbiome analysis.

Qatar is making great efforts to develop research and education in
the country [83,84]. Qatar government proposed a development plan,
the Qatar National Vision 2030, based on four pillars: economic, social,
human and environmental development [85]. The human development
pillar is focused on build an educated and healthy population, and a
capable and motivated workforce. Qatar Foundation (QF), a national
non-profit organization for education, science and community
development, considers research as essential to national and regional
growth. Obesity, diabetes and cardiovascular diseases are among the
key challenges asked by QF and the Qatar National Research Fund
(QNRF) to be addressed by research community [86]. A great effort of
Qatar research institutions are working to develop the translational
research and to achieve the QNRF challenges, as Sidra Medical and
Research Center, Weill Cornell Medical College in Qatar, Qatar
Biomedical Research Institute, under the umbrella of QF, and other
national institutes as Hamad Medical Corporation, Primary Health
Care Corporation, and Qatar University. The newest technologies and
expertise in genomics, bioinformatics and statistics are available inside
the most of these institutions, which will potentially support any type
of nutrigenomic study. These assumptions will promise the high-level
outcomes from translational research and particularly from
nutrigenomics in Qatar.

Conclusions
Qatar asks to address the determinants and the therapeutic

approaches to chronic diseases, among which obesity shows a great
urgency because of the high prevalence in the country. The
nutrigenomics science will permit to assign a personalized nutritional
intervention for NCDs. Great research efforts are focused to reach high
levels of health care in Qatar.

Acknowledgement
Thanks to WHO for the license to reprint the picture in Figure 1.

Manuscript contribution: SL wrote the paragraph about nutrigenomic
approaches to obesity; TS wrote the paragraph about genetic

Citation: Soldati L, Tomei S, Wang E, Kerkadi A, ElObeid T et al. (2016) Potential Nutrigenomic Approaches to Reduce the High Incidence of
Obesity in Qatar. J Nutr Food Sci 6: 472. doi:10.4172/2155-9600.1000472

Page 4 of 6

J Nutr Food Sci
ISSN:2155-9600 JNFS, an open access journal

Volume 6 • Issue 2 • 1000472

http://dx.doi.org/10.4172/2155-9600.1000472


determinants of obesity; KA, ET and AP wrote the paragraph about
obesity in Qatar; CL and WE contributed to the paragraph about
genetic determinants of obesity, and reviewed the entire paper. TA
wrote the paragraph about microbiome and metabolomics, reviewed
the entire paper and coordinated the team.

Potential Conflict of Interest
Authors declare no conflict of interest.

References
1. World-Health-Organization (2012) Global Action Plan for the prevention

and control of non-communicable diseases 2013-2020.
2. World-Health-Organization (2014) Body mass index classification.
3. Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, et al. (2011)

National, regional, and global trends in body-mass index since 1980:
systematic analysis of health examination surveys and epidemiological
studies with 960 country-years and 9.1 million participants Lancet 377:
557-567.

4. Ng SW, Zaghloul S, Ali HI, Harrison G, Popkin BM (2011) The
prevalence and trends of overweight, obesity and nutrition-related non-
communicable diseases in the Arabian Gulf States. Obes Rev 12: 1-13.

5. Dinsa GD, Goryakin Y, Fumagalli E, Suhrcke M (2012) Obesity and
socioeconomic status in developing countries: a systematic review. Obes
Rev 13: 1067-1079.

6. Mokdad AH, Jaber S, Aziz MI, AlBuhairan F, AlGhaithi A, et al. (2014)
The state of health in the Arab world, 1990-2010: an analysis of the
burden of diseases, injuries, and risk factors. Lancet 383: 309-320.

7. Rahim HF, Sibai A, Khader Y, Hwalla N, Fadhil I, et al. (2014) Non-
communicable diseases in the Arab world. Lancet 383: 356-367.

8. Supreme-Council-Health (2013) Qatar Annual Report 2012, Supreme
Council of Health.

9. Ezzati M, Riboli E (2012) Can noncommunicable diseases be prevented?
Lessons from studies of populations and individuals. Science 337:
1482-1487.

10. Qatar-National-Health (2010) Qatar National Health Accounts 1st
Report 2009-2010.

11. Alwan A, Maclean DR, Riley LM, d'Espaignet ET, Mathers CD, et al.
(2010) Monitoring and surveillance of chronic non-communicable
diseases: progress and capacity in high-burden countries. Lancet 376:
1861-1868.

12. World-Health-Organization (2011) Noncommunicable Diseases country
profile 2011, In WHO global report, WHO.

13. Supreme-Council-Health (2013) Qatar STEPS Report 2012 Chronic
Disease Risk Factor Surveillance, Supreme Council of Health.

14. Alwan A (1997) Noncommunicable diseases: a major challenge to public
health in the Region, Eastern Mediterranean Health Journal 3: 6-16.

15. Fahed AC, El-Hage-Sleiman AK, Farhat TI, Nemer GM (2012) Diet,
genetics, and disease: a focus on the middle East and north Africa region.
J Nutr Metab 2012: 109037.

16. Hassan AS, Al-Dosari SN (2008) Breakfast habits and snacks consumed
at school among Qatari schoolchildren aged 9-10 years, Nutr Food Sci 38:
264-270.

17. Steyn NP, Mann J, Bennett PH, Temple N, Zimmet P, et al. (2004) Diet,
nutrition and the prevention of type 2 diabetes. Public Health Nutr 7:
147-165.

18. Musaiger AO (2002) Diet and prevention of coronary heart disease in the
Arab Middle East countries, Medical principles and practice:
international journal of the Kuwait University, Health Science Centre 2:
9-16.

19. Arab Center for Nutrition (2009) Nutritional and Health Status in the
Arab Gulf Countries, Bahrain.

20. Alhyas L, McKay A, Balasanthiran A, Majeed A (2011) Prevalences of
overweight, obesity, hyperglycaemia, hypertension and dyslipidaemia in
the Gulf: systematic review. JRSM Short Rep 2: 55.

21. Ismail MF (2012) Metabolic syndrome among obese Qataris attending
primary health care centers in Doha, 2010. J Family Community Med 19:
7-11.

22. Kerkadi A, Hassan AS, Yousef AEM (2009) High prevalence of the risk of
overweight and overweight among Qatari children ages 9 through 11,
Nutr Food Sci 39: 36-45.

23. Bener A, Kamal AA (2005) Growth patterns of Qatari school children
and adolescents aged 6-18 years. J Health Popul Nutr 23: 250-258.

24. Kerkadi A, Hassan AS, Al Chetachi W, Al Abdi T, Al Thani AA, et al.
(2015) Dietary Habits And Sedentary Behaviors Of Adolescents In
Qatar : The Effect Of Gender And Nationality, In The 12th Asian
Congress of Nutrition, Yokohama, Japan.

25. Hofker M, Wijmenga C (2009) A supersized list of obesity genes. Nat
Genet 41: 139-140.

26. OMIM (2015) Database Online Mendelian Inheritance in Man Obesity.
27. Waalen J1 (2014) The genetics of human obesity. Transl Res 164: 293-301.
28. Alfredo Martínez J (2014) Perspectives on personalized nutrition for

obesity. J Nutrigenet Nutrigenomics 7: I-III.
29. Corona E, Chen R, Sikora M, Morgan AA, Patel CJ, et al. (2013) Analysis

of the genetic basis of disease in the context of worldwide human
relationships and migration. PLoS Genet 9: e1003447.

30. Hunter-Zinck H, Musharoff S, Salit J, Al-Ali KA, Chouchane L, et al.
(2010) Population genetic structure of the people of Qatar. Am J Hum
Genet 87: 17-25.

31. Bener A, Hussain R (2006) Consanguineous unions and child health in
the State of Qatar. Paediatr Perinat Epidemiol 20: 372-378.

32. Mezzavilla M, Vozzi D, Badii R, Alkowari MK, Abdulhadi K, et al. (2015)
Increased rate of deleterious variants in long runs of homozygosity of an
inbred population from Qatar. Hum Hered 79: 14-19.

33. Bener A, Darwish S, Al-Hamaq AO, Mohammad RM, Yousafzai MT
(2013) Association of PPARÎ³2 gene variant Pro12Ala polymorphism
with hypertension and obesity in the aboriginal Qatari population known
for being consanguineous. Appl Clin Genet 6: 103-111.

34. Tomei S, Mamtani R, Al Ali R, Elkum N, et al. (2015) Obesity
susceptibility loci in Qataris, a highly consanguineous Arabian
population. J Transl Med 13: 119.

35. Bleich S, Cutler D, Murray C, Adams A (2008) Why is the developed
world obese? Annu Rev Public Health 29: 273-295.

36. Sales NM, Pelegrini PB, Goersch MC (2014) Nutrigenomics: definitions
and advances of this new science. J Nutr Metab 2014: 202759.

37. Isaak CK, Siow YL (2013) The evolution of nutrition research. Can J
Physiol Pharmacol 91: 257-267.

38. Hesketh J (2013) Personalised nutrition: how far has nutrigenomics
progressed? Eur J Clin Nutr 67: 430-435.

39. Lee SA, Lee KM, Yoo KY, Noh DY, Ahn SH, et al. (2012) Combined
effects of antioxidant vitamin and NOS3 genetic polymorphisms on
breast cancer risk in women. Clin Nutr 31: 93-98.

40. Hedelin M, Chang ET, Wiklund F, Bellocco R, Klint A, et al. (2007)
Association of frequent consumption of fatty fish with prostate cancer
risk is modified by COX-2 polymorphism. Int J Cancer 120: 398-405.

41. Qi L (2014) Personalized nutrition and obesity. Ann Med 46: 247-252.
42. Zhang X, Qi Q, Zhang C, Smith SR, Hu FB, et al. (2012) FTO genotype

and 2-year change in body composition and fat distribution in response
to weight-loss diets: the POUNDS LOST Trial. Diabetes 61: 3005-3011.

43. Mattei J, Qi Q, Hu FB, Sacks FM, Qi L (2012) TCF7L2 genetic variants
modulate the effect of dietary fat intake on changes in body composition
during a weight-loss intervention. Am J Clin Nutr 96: 1129-1136.

44. Yousri NA, Mook-Kanamori DO, Selim MM, Takiddin AH, Al-Homsi H,
et al. (2015) A systems view of type 2 diabetes-associated metabolic
perturbations in saliva, blood and urine at different timescales of
glycaemic control, Diabetologia.

Citation: Soldati L, Tomei S, Wang E, Kerkadi A, ElObeid T et al. (2016) Potential Nutrigenomic Approaches to Reduce the High Incidence of
Obesity in Qatar. J Nutr Food Sci 6: 472. doi:10.4172/2155-9600.1000472

Page 5 of 6

J Nutr Food Sci
ISSN:2155-9600 JNFS, an open access journal

Volume 6 • Issue 2 • 1000472

http://www.who.int/ncd_surveillance
http://www.who.int/ncd_surveillance
http://apps.who.int/bmi/index.jsp?introPage=intro_3.html
http://www.ncbi.nlm.nih.gov/pubmed/21295846
http://www.ncbi.nlm.nih.gov/pubmed/21295846
http://www.ncbi.nlm.nih.gov/pubmed/21295846
http://www.ncbi.nlm.nih.gov/pubmed/21295846
http://www.ncbi.nlm.nih.gov/pubmed/21295846
http://www.ncbi.nlm.nih.gov/pubmed/20546144
http://www.ncbi.nlm.nih.gov/pubmed/20546144
http://www.ncbi.nlm.nih.gov/pubmed/20546144
http://www.ncbi.nlm.nih.gov/pubmed/22764734
http://www.ncbi.nlm.nih.gov/pubmed/22764734
http://www.ncbi.nlm.nih.gov/pubmed/22764734
http://www.ncbi.nlm.nih.gov/pubmed/24452042
http://www.ncbi.nlm.nih.gov/pubmed/24452042
http://www.ncbi.nlm.nih.gov/pubmed/24452042
http://www.ncbi.nlm.nih.gov/pubmed/24452044
http://www.ncbi.nlm.nih.gov/pubmed/24452044
http://www.moph.qa/publications/publications
http://www.moph.qa/publications/publications
http://www.ncbi.nlm.nih.gov/pubmed/22997325
http://www.ncbi.nlm.nih.gov/pubmed/22997325
http://www.ncbi.nlm.nih.gov/pubmed/22997325
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjCm_WskJDLAhUBbY4KHWKrAP8QFggbMAA&url=https%3A%2F%2Fd2vcob0ykg520b.cloudfront.net%2Fapp%2Fmedia%2Fdownload%2F659&usg=AFQjCNHJFwnw-TBxBtUUjIYwueSXKgAXDg&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjCm_WskJDLAhUBbY4KHWKrAP8QFggbMAA&url=https%3A%2F%2Fd2vcob0ykg520b.cloudfront.net%2Fapp%2Fmedia%2Fdownload%2F659&usg=AFQjCNHJFwnw-TBxBtUUjIYwueSXKgAXDg&cad=rja
http://www.ncbi.nlm.nih.gov/pubmed/21074258
http://www.ncbi.nlm.nih.gov/pubmed/21074258
http://www.ncbi.nlm.nih.gov/pubmed/21074258
http://www.ncbi.nlm.nih.gov/pubmed/21074258
http://www.who.int/nmh/publications/ncd_profiles2011/en/
http://www.who.int/nmh/publications/ncd_profiles2011/en/
https://www.sch.gov.qa/publications/publications
https://www.sch.gov.qa/publications/publications
http://apps.who.int/iris/bitstream/10665/117217/1/emhj_1997_3_1_6_16.pdf
http://apps.who.int/iris/bitstream/10665/117217/1/emhj_1997_3_1_6_16.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22536488
http://www.ncbi.nlm.nih.gov/pubmed/22536488
http://www.ncbi.nlm.nih.gov/pubmed/22536488
http://www.emeraldinsight.com/doi/abs/10.1108/00346650810871957
http://www.emeraldinsight.com/doi/abs/10.1108/00346650810871957
http://www.emeraldinsight.com/doi/abs/10.1108/00346650810871957
http://www.ncbi.nlm.nih.gov/pubmed/14972058
http://www.ncbi.nlm.nih.gov/pubmed/14972058
http://www.ncbi.nlm.nih.gov/pubmed/14972058
http://europepmc.org/abstract/MED/12444306
http://europepmc.org/abstract/MED/12444306
http://europepmc.org/abstract/MED/12444306
http://europepmc.org/abstract/MED/12444306
http://www.acnut.com/
http://www.acnut.com/
http://www.ncbi.nlm.nih.gov/pubmed/21847437
http://www.ncbi.nlm.nih.gov/pubmed/21847437
http://www.ncbi.nlm.nih.gov/pubmed/21847437
http://www.ncbi.nlm.nih.gov/pubmed/22518352
http://www.ncbi.nlm.nih.gov/pubmed/22518352
http://www.ncbi.nlm.nih.gov/pubmed/22518352
http://www.emeraldinsight.com/doi/abs/10.1108/00346650910930806
http://www.emeraldinsight.com/doi/abs/10.1108/00346650910930806
http://www.emeraldinsight.com/doi/abs/10.1108/00346650910930806
http://www.ncbi.nlm.nih.gov/pubmed/16262022
http://www.ncbi.nlm.nih.gov/pubmed/16262022
http://acn2015.org/pdf/ACN_program_whole.pdf
http://acn2015.org/pdf/ACN_program_whole.pdf
http://acn2015.org/pdf/ACN_program_whole.pdf
http://acn2015.org/pdf/ACN_program_whole.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19174833
http://www.ncbi.nlm.nih.gov/pubmed/19174833
http://www.ncbi.nlm.nih.gov/omim/?term=Obesity
http://www.ncbi.nlm.nih.gov/pubmed/24929207
http://www.ncbi.nlm.nih.gov/pubmed/25060599
http://www.ncbi.nlm.nih.gov/pubmed/25060599
http://www.ncbi.nlm.nih.gov/pubmed/23717210
http://www.ncbi.nlm.nih.gov/pubmed/23717210
http://www.ncbi.nlm.nih.gov/pubmed/23717210
http://www.ncbi.nlm.nih.gov/pubmed/20579625
http://www.ncbi.nlm.nih.gov/pubmed/20579625
http://www.ncbi.nlm.nih.gov/pubmed/20579625
http://www.ncbi.nlm.nih.gov/pubmed/16911015
http://www.ncbi.nlm.nih.gov/pubmed/16911015
http://www.ncbi.nlm.nih.gov/pubmed/25720536
http://www.ncbi.nlm.nih.gov/pubmed/25720536
http://www.ncbi.nlm.nih.gov/pubmed/25720536
http://www.ncbi.nlm.nih.gov/pubmed/24187509
http://www.ncbi.nlm.nih.gov/pubmed/24187509
http://www.ncbi.nlm.nih.gov/pubmed/24187509
http://www.ncbi.nlm.nih.gov/pubmed/24187509
http://www.ncbi.nlm.nih.gov/pubmed/25890290
http://www.ncbi.nlm.nih.gov/pubmed/25890290
http://www.ncbi.nlm.nih.gov/pubmed/25890290
http://www.ncbi.nlm.nih.gov/pubmed/18173389
http://www.ncbi.nlm.nih.gov/pubmed/18173389
http://www.ncbi.nlm.nih.gov/pubmed/24795820
http://www.ncbi.nlm.nih.gov/pubmed/24795820
http://www.ncbi.nlm.nih.gov/pubmed/23627837
http://www.ncbi.nlm.nih.gov/pubmed/23627837
http://www.ncbi.nlm.nih.gov/pubmed/23093344
http://www.ncbi.nlm.nih.gov/pubmed/23093344
http://www.ncbi.nlm.nih.gov/pubmed/21872972
http://www.ncbi.nlm.nih.gov/pubmed/21872972
http://www.ncbi.nlm.nih.gov/pubmed/21872972
http://www.ncbi.nlm.nih.gov/pubmed/17066444
http://www.ncbi.nlm.nih.gov/pubmed/17066444
http://www.ncbi.nlm.nih.gov/pubmed/17066444
http://www.ncbi.nlm.nih.gov/pubmed/24716734
http://www.ncbi.nlm.nih.gov/pubmed/22891219
http://www.ncbi.nlm.nih.gov/pubmed/22891219
http://www.ncbi.nlm.nih.gov/pubmed/22891219
http://www.ncbi.nlm.nih.gov/pubmed/23034957
http://www.ncbi.nlm.nih.gov/pubmed/23034957
http://www.ncbi.nlm.nih.gov/pubmed/23034957
http://www.ncbi.nlm.nih.gov/pubmed/26049400
http://www.ncbi.nlm.nih.gov/pubmed/26049400
http://www.ncbi.nlm.nih.gov/pubmed/26049400
http://www.ncbi.nlm.nih.gov/pubmed/26049400
http://dx.doi.org/10.4172/2155-9600.1000472


45. Zaghlool SB, Al-Shafai M, Al Muftah WA, Kumar P, Falchi M, et al.
(2015) Association of DNA methylation with age, gender, and smoking in
an Arab population, Clin Epigenetics 7: 6.

46. Toperoff G, Kark JD, Aran D, Nassar H, Ahmad WA, et al. (2015)
Premature aging of leukocyte DNA methylation is associated with type 2
diabetes prevalence. Clin Epigenetics 7: 35.

47. Hanson M, Godfrey KM, Lillycrop KA, Burdge GC, Gluckman PD (2011)
Developmental plasticity and developmental origins of non-
communicable disease: theoretical considerations and epigenetic
mechanisms, Prog Biophys Mol Biol 106: 272-280.

48. Ozanne SE (2015) Epigenetic signatures of obesity. N Engl J Med 372:
973-974.

49. Heneghan HM, Miller N, Kerin MJ (2010) Role of microRNAs in obesity
and the metabolic syndrome. Obes Rev 11: 354-361.

50. Ding J, Reynolds LM, Zeller T, Muller C, Mstat KL, et al. (2015)
Alterations of a cellular cholesterol metabolism network is a molecular
feature of obesity-related type 2 diabetes and cardiovascular disease,
Diabetes 64: 3464-3474.

51. Kim J, Kwon EY, Park S, Kim JR, Choi SW, et al (2015) Integrative
systems analysis of diet-induced obesity identified a critical transition in
the transcriptomes of the murine liver and epididymal white adipose
tissue, Int J Obes (Lond) 40: 338-345.

52. Kim HS, Ryoo ZY, Choi SU, Lee S (2015) Gene expression profiles reveal
effect of a high-fat diet on the development of white and brown adipose
tissues. Gene 565: 15-21.

53. Ferreira CM, Vieira AT, Vinolo MA, Oliveira FA, Curi R, et al. (2014) The
central role of the gut microbiota in chronic inflammatory diseases. J
Immunol Res 2014: 689492.

54. Fukuda S, Ohno H (2014) Gut microbiome and metabolic diseases.
Semin Immunopathol 36: 103-114.

55. Everard A, Cani PD (2013) Diabetes, obesity and gut microbiota. Best
Pract Res Clin Gastroenterol 27: 73-83.

56. Turnbaugh PJ, Hamady M, Yatsunenko T, Cantarel BL, Duncan A, et al.
(2009) A core gut microbiome in obese and lean twins. Nature 457:
480-484.

57. Devaraj S, Hemarajata P, Versalovic J (2013) The human gut microbiome
and body metabolism: implications for obesity and diabetes. Clin Chem
59: 617-628.

58. Hur KY, Lee MS (2015) Gut Microbiota and Metabolic Disorders.
Diabetes Metab J 39: 198-203.

59. Turnbaugh PJ, Bäckhed F, Fulton L, Gordon JI (2008) Diet-induced
obesity is linked to marked but reversible alterations in the mouse distal
gut microbiome. Cell Host Microbe 3: 213-223.

60. Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, et al.
(2006) An obesity-associated gut microbiome with increased capacity for
energy harvest. Nature 444: 1027-1031.

61. Kuwahara A (2014) Contributions of colonic short-chain Fatty Acid
receptors in energy homeostasis. Front Endocrinol (Lausanne) 5: 144.

62. Verdam FJ, Fuentes S, de Jonge C, Zoetendal EG, Erbil R, et al. (2013)
Human intestinal microbiota composition is associated with local and
systemic inflammation in obesity, Obesity 21: E607-E615.

63. Wen L, Ley RE, Volchkov PY, Stranges PB, Avanesyan L, et al. (2008)
Innate immunity and intestinal microbiota in the development of Type 1
diabetes. Nature 455: 1109-1113.

64. Xu Z, Knight R (2015) Dietary effects on human gut microbiome
diversity. Br J Nutr 113 Suppl: S1-5.

65. Walker AW, Ince J, Duncan SH, Webster LM, Holtrop G, et al. (2011)
Dominant and diet-responsive groups of bacteria within the human
colonic microbiota. ISME J 5: 220-230.

66. Kotzampassi K, Giamarellos-Bourboulis EJ, Stavrou G (2014) Obesity as a
consequence of gut bacteria and diet interactions. ISRN Obes 2014:
651895.

67. Kootte RS, Vrieze A, Holleman F, Dallinga-Thie GM, Zoetendal EG, et al.
(2012) The therapeutic potential of manipulating gut microbiota in
obesity and type 2 diabetes mellitus. Diabetes Obes Metab 14: 112-120.

68. Geurts L, Neyrinck AM, Delzenne NM, Knauf C, Cani PD (2014) Gut
microbiota controls adipose tissue expansion, gut barrier and glucose
metabolism: novel insights into molecular targets and interventions using
prebiotics, Benef Microbes 5: 3-17.

69. Festi D, Schiumerini R, Eusebi LH, Marasco G, Taddia M, et al. (2014)
Gut microbiota and metabolic syndrome. World J Gastroenterol 20:
16079-16094.

70. Mueller S, Saunier K, Hanisch C, Norin E, Alm L, et al. (2006) Differences
in fecal microbiota in different European study populations in relation to
age, gender, and country: a cross-sectional study, Appl Environ Microbiol
72: 1027-1033.

71. Moossavi S (2014) The necessity for an Iranian gut microbiome initiative.
Middle East J Dig Dis 6: 109-110.

72. Al-Asmakh M, Zadjali F (2015) Use of Germ-Free Animal Models in
Microbiota-Related Research. J Microbiol Biotechnol 25: 1583-1588.

73. Al-Asmakh M, Stukenborg JB, Reda A, Anuar F, Strand ML, et al. (2014)
The gut microbiota and developmental programming of the testis in mice.
PLoS One 9: e103809.

74. Alokail MS, Sabico S, Al-Saleh Y, Al-Daghri NM, Alkharfy KM, et al.
(2013) Effects of probiotics in patients with diabetes mellitus type 2: study
protocol for a randomized, double-blind, placebo-controlled trial. Trials
14: 195.

75. Kinross J, Li JV, Muirhead LJ, Nicholson J (2014) Nutritional modulation
of the metabonome: applications of metabolic phenotyping in
translational nutritional research. Curr Opin Gastroenterol 30: 196-207.

76. Rhee EP, Cheng S, Larson MG, Walford GA, Lewis GD, et al. (2011) Lipid
profiling identifies a triacylglycerol signature of insulin resistance and
improves diabetes prediction in humans, JCI 121: 1402-1411.

77. Abu Bakar MH, Sarmidi MR, Cheng KK, Ali Khan A, Suan CL, et al.
(2015) Metabolomics - the complementary field in systems biology: a
review on obesity and type 2 diabetes. Mol Biosyst 11: 1742-1774.

78. Moore SC, Matthews CE, Sampson JN, Stolzenberg-Solomon RZ, Zheng
W, et al. (2014) Human metabolic correlates of body mass index.
Metabolomics 10: 259-269.

79. Neis EP, Dejong CH, Rensen SS (2015) The role of microbial amino acid
metabolism in host metabolism. Nutrients 7: 2930-2946.

80. Rizk NM, Yousef M (2012) Association of lipid profile and waist
circumference as cardiovascular risk factors for overweight and obesity
among school children in Qatar. Diabetes Metab Syndr Obes 5: 425-432.

81. Bener A (2006) Prevalence of obesity, overweight, and underweight in
Qatari adolescents. Food Nutr Bull 27: 39-45.

82. Guennoun A, Kazantzis M, Thomas R, Wabitsch M, Tews D, et al. (2015)
Comprehensive molecular characterization of human adipocytes reveals a
transient brown phenotype. J Transl Med 13: 135.

83. Chouchane L, Mamtani R, Al-Thani MH, Al-Thani AA, Ameduri M, et
al. (2011) Medical education and research environment in Qatar: a new
epoch for translational research in the Middle East. J Transl Med 9: 16.

84. Marincola FM, Sheikh JI (2012) A road map to Translational Medicine in
Qatar and a model for the world. J Transl Med 10: 177.

85. Ministry of Development Palnning and Statistics. Pillars of Qatar
NAtional Vision 2030.

86. Qatar-National-Research-Strategy (2012) Qatar National Research
Startegy 2012.

 

Citation: Soldati L, Tomei S, Wang E, Kerkadi A, ElObeid T et al. (2016) Potential Nutrigenomic Approaches to Reduce the High Incidence of
Obesity in Qatar. J Nutr Food Sci 6: 472. doi:10.4172/2155-9600.1000472

Page 6 of 6

J Nutr Food Sci
ISSN:2155-9600 JNFS, an open access journal

Volume 6 • Issue 2 • 1000472

http://clinicalepigeneticsjournal.biomedcentral.com/articles/10.1186/s13148-014-0040-6
http://clinicalepigeneticsjournal.biomedcentral.com/articles/10.1186/s13148-014-0040-6
http://clinicalepigeneticsjournal.biomedcentral.com/articles/10.1186/s13148-014-0040-6
http://www.ncbi.nlm.nih.gov/pubmed/25829970
http://www.ncbi.nlm.nih.gov/pubmed/25829970
http://www.ncbi.nlm.nih.gov/pubmed/25829970
http://www.ncbi.nlm.nih.gov/pubmed/21219925
http://www.ncbi.nlm.nih.gov/pubmed/21219925
http://www.ncbi.nlm.nih.gov/pubmed/21219925
http://www.ncbi.nlm.nih.gov/pubmed/21219925
http://www.ncbi.nlm.nih.gov/pubmed/25738675
http://www.ncbi.nlm.nih.gov/pubmed/25738675
http://www.ncbi.nlm.nih.gov/pubmed/19793375
http://www.ncbi.nlm.nih.gov/pubmed/19793375
http://www.ncbi.nlm.nih.gov/pubmed/26153245
http://www.ncbi.nlm.nih.gov/pubmed/26153245
http://www.ncbi.nlm.nih.gov/pubmed/26153245
http://www.ncbi.nlm.nih.gov/pubmed/26153245
http://www.ncbi.nlm.nih.gov/pubmed/26268884
http://www.ncbi.nlm.nih.gov/pubmed/26268884
http://www.ncbi.nlm.nih.gov/pubmed/26268884
http://www.ncbi.nlm.nih.gov/pubmed/26268884
http://www.ncbi.nlm.nih.gov/pubmed/25895476
http://www.ncbi.nlm.nih.gov/pubmed/25895476
http://www.ncbi.nlm.nih.gov/pubmed/25895476
http://www.ncbi.nlm.nih.gov/pubmed/25309932
http://www.ncbi.nlm.nih.gov/pubmed/25309932
http://www.ncbi.nlm.nih.gov/pubmed/25309932
http://www.ncbi.nlm.nih.gov/pubmed/24196453
http://www.ncbi.nlm.nih.gov/pubmed/24196453
http://www.ncbi.nlm.nih.gov/pubmed/23768554
http://www.ncbi.nlm.nih.gov/pubmed/23768554
http://www.ncbi.nlm.nih.gov/pubmed/19043404
http://www.ncbi.nlm.nih.gov/pubmed/19043404
http://www.ncbi.nlm.nih.gov/pubmed/19043404
http://www.ncbi.nlm.nih.gov/pubmed/23401286
http://www.ncbi.nlm.nih.gov/pubmed/23401286
http://www.ncbi.nlm.nih.gov/pubmed/23401286
http://www.ncbi.nlm.nih.gov/pubmed/26124989
http://www.ncbi.nlm.nih.gov/pubmed/26124989
http://www.ncbi.nlm.nih.gov/pubmed/18407065
http://www.ncbi.nlm.nih.gov/pubmed/18407065
http://www.ncbi.nlm.nih.gov/pubmed/18407065
http://www.ncbi.nlm.nih.gov/pubmed/17183312
http://www.ncbi.nlm.nih.gov/pubmed/17183312
http://www.ncbi.nlm.nih.gov/pubmed/17183312
http://www.ncbi.nlm.nih.gov/pubmed/25228897
http://www.ncbi.nlm.nih.gov/pubmed/25228897
http://www.ncbi.nlm.nih.gov/pubmed/23526699
http://www.ncbi.nlm.nih.gov/pubmed/23526699
http://www.ncbi.nlm.nih.gov/pubmed/23526699
http://www.ncbi.nlm.nih.gov/pubmed/18806780
http://www.ncbi.nlm.nih.gov/pubmed/18806780
http://www.ncbi.nlm.nih.gov/pubmed/18806780
http://www.ncbi.nlm.nih.gov/pubmed/25498959
http://www.ncbi.nlm.nih.gov/pubmed/25498959
http://www.ncbi.nlm.nih.gov/pubmed/20686513
http://www.ncbi.nlm.nih.gov/pubmed/20686513
http://www.ncbi.nlm.nih.gov/pubmed/20686513
http://www.ncbi.nlm.nih.gov/pubmed/24977101
http://www.ncbi.nlm.nih.gov/pubmed/24977101
http://www.ncbi.nlm.nih.gov/pubmed/24977101
http://www.ncbi.nlm.nih.gov/pubmed/21812894
http://www.ncbi.nlm.nih.gov/pubmed/21812894
http://www.ncbi.nlm.nih.gov/pubmed/21812894
http://www.ncbi.nlm.nih.gov/pubmed/23886976
http://www.ncbi.nlm.nih.gov/pubmed/23886976
http://www.ncbi.nlm.nih.gov/pubmed/23886976
http://www.ncbi.nlm.nih.gov/pubmed/23886976
http://www.ncbi.nlm.nih.gov/pubmed/25473159
http://www.ncbi.nlm.nih.gov/pubmed/25473159
http://www.ncbi.nlm.nih.gov/pubmed/25473159
http://aem.asm.org/content/72/2/1027.abstract
http://aem.asm.org/content/72/2/1027.abstract
http://aem.asm.org/content/72/2/1027.abstract
http://aem.asm.org/content/72/2/1027.abstract
http://www.ncbi.nlm.nih.gov/pubmed/24872871
http://www.ncbi.nlm.nih.gov/pubmed/24872871
http://www.ncbi.nlm.nih.gov/pubmed/26032361
http://www.ncbi.nlm.nih.gov/pubmed/26032361
http://www.ncbi.nlm.nih.gov/pubmed/25118984
http://www.ncbi.nlm.nih.gov/pubmed/25118984
http://www.ncbi.nlm.nih.gov/pubmed/25118984
http://www.ncbi.nlm.nih.gov/pubmed/23822518
http://www.ncbi.nlm.nih.gov/pubmed/23822518
http://www.ncbi.nlm.nih.gov/pubmed/23822518
http://www.ncbi.nlm.nih.gov/pubmed/23822518
http://www.ncbi.nlm.nih.gov/pubmed/24468802
http://www.ncbi.nlm.nih.gov/pubmed/24468802
http://www.ncbi.nlm.nih.gov/pubmed/24468802
http://www.jci.org/articles/view/44442
http://www.jci.org/articles/view/44442
http://www.jci.org/articles/view/44442
http://www.ncbi.nlm.nih.gov/pubmed/25919044
http://www.ncbi.nlm.nih.gov/pubmed/25919044
http://www.ncbi.nlm.nih.gov/pubmed/25919044
http://www.ncbi.nlm.nih.gov/pubmed/25254000
http://www.ncbi.nlm.nih.gov/pubmed/25254000
http://www.ncbi.nlm.nih.gov/pubmed/25254000
http://www.ncbi.nlm.nih.gov/pubmed/25894657
http://www.ncbi.nlm.nih.gov/pubmed/25894657
http://www.ncbi.nlm.nih.gov/pubmed/23277742
http://www.ncbi.nlm.nih.gov/pubmed/23277742
http://www.ncbi.nlm.nih.gov/pubmed/23277742
http://www.ncbi.nlm.nih.gov/pubmed/16572718
http://www.ncbi.nlm.nih.gov/pubmed/16572718
http://www.ncbi.nlm.nih.gov/pubmed/25925588
http://www.ncbi.nlm.nih.gov/pubmed/25925588
http://www.ncbi.nlm.nih.gov/pubmed/25925588
http://www.ncbi.nlm.nih.gov/pubmed/21272322
http://www.ncbi.nlm.nih.gov/pubmed/21272322
http://www.ncbi.nlm.nih.gov/pubmed/21272322
http://www.ncbi.nlm.nih.gov/pubmed/22929646
http://www.ncbi.nlm.nih.gov/pubmed/22929646
http://www.gsdp.gov.qa/portal/page/portal/gsdp_en/qatar_national_vision
http://www.gsdp.gov.qa/portal/page/portal/gsdp_en/qatar_national_vision
http://www.qnrf.org/en-us/About-Us/QNRS
http://www.qnrf.org/en-us/About-Us/QNRS
http://dx.doi.org/10.4172/2155-9600.1000472

	Contents
	Potential Nutrigenomic Approaches to Reduce the High Incidence of Obesity in Qatar
	Abstract
	Keywords:
	Abbreviations
	Introduction
	Obesity in Qatar
	Genetic determinants of obesity: the peculiar case of Qatar
	Nutrigenomic approaches to obesity
	Microbiome and metabolomics
	Future perspectives in Qatar

	Conclusions
	Acknowledgement
	Potential Conflict of Interest
	References


