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SPECIFIC AIMS


[bookmark: _Hlk508611639]The primary goal of the proposed study is to compare the prevalence of T2D in the native Ethiopians and the Ethiopian immigrants 18 years and above who have been living in the United States for more than 5 years and to investigate whether or not epigenetics modification could be associated with difference in prevalence among the two groups.  The specific aims are as follow:
1. [bookmark: _Hlk519160606][bookmark: _Hlk508548896]Examine the prevalence of T2D among the Ethiopian immigrant population who has been living in the United States for more than five years and compare it with the prevalence in native Ethiopian.
2. [bookmark: _Hlk519160676][bookmark: _Hlk519536958]Systematic review of literature on world-wide Genome Wide Association Studies (GWAS) to identify genes that have been found to be associated with T2D.
3. [bookmark: _Hlk519160734][bookmark: _Hlk508720186]Compare the degree of epigenetic modifications in diabetes cases and controls possibly resulting in altered gene expressions of the identified genes. 








BACKGROUND AND SIGNIFICANCE


Type 2 Diabetes (T2D) is a condition of altered carbohydrate metabolism due to lack of, or resistance to, the effects of insulin.  Either the beta cells in the pancreas do not produce enough insulin, or the cells become resistant to the effect of insulin or sometimes both (Gloyn et al. 2009).  In healthy individuals, the carbohydrates in the digested food are metabolized into monosaccharides such as glucose.  The glucose is absorbed by the small intestine and released into the bloodstream.  The rise of the glucose level into the bloodstream causes beta cells to release insulin to promote the uptake of glucose for metabolism and storage.  For example, glucose transporter gene binds to its transmembrane receptor and initiates intracellular protein activation cascades, including the translocation of glucose transporter type 4 (GLUT4) protein to the plasma membrane of the target cells (American Diabetes Association 2013).  This results in an influx of glucose which leads to glycogen synthesis, glycolysis, and fatty acid synthesis (Sears and Perry 2015).  However, in T2D patients, the normal pathway is compromised. 
In individuals with T2D, when glucose is not taken in by the target cells, to compensate for the increased glucose level in the bloodstream, the pancreas produces more insulin.  Thus, gradually beta cells lose their ability to produce enough insulin, which leads to hyperglycemia.  Persistent hyperglycemia can cause a person to develop long term complications in eyes, kidneys, peripheral nerves, heart, and blood vessels (Chawla et al. 2016).  Furthermore, a person with T2D could experience, due to hyper/hypo glycemia and ketoacidosis, critical conditions if not treated properly.  Currently, in the United States, diabetes is the seventh leading cause of death and, on average, people with diabetes spend 2.3 times more on healthcare than people without diabetes (Stokes and Preston 2017, CDC 2017).
Currently, type 2 diabetic patients can monitor their blood sugar level and glycated haemoglobin (Hba1c) which reflect glycemia over time.  T2D patients should maintain blood sugar in the range of 6.5% (48 mmol/mol) to 7.5% (58 mmol/mol) especially those at greater risk of hypoglycemia (Walaszczyk et al. 2018).  Normal levels of HbA1c are below 5.7% (39 mmol/mol).  It is recommended that individuals with T2D should practice self-management to maintain the desirable HbA1c level by adhering to a recommended medication regime, making dietary changes, and routine physical exercise (Cui et al. 2016).  
In the United States, more than 30.2 million people aged 18 years and older have T2D (CDC 2017). This figure is on the rise because of increased life expectancy, poor dietary choices, weight gain, and a sedentary life style.  Even though one in every ten adults who are 20 years and older have diabetes, that figure rises to more than one in five for individuals over the age of 60 (CDC 2017).  After the age of 60, lean-muscle mass begins to diminish because of decreased physical activity, disability, and poor diet choices.  If calorie intake continues at the same rate while the muscle mass decreases, older person will most likely become over weight, which might increase the risk of being diagnosed with T2D (Tucker and Buranapin 2001).  Fortunately, there are ways to lower one’s risk or manage the disease and live a healthier life.  Some of the examples of helpful intervention are behavioral changes, such as engaging in regular physical activities, eating healthy, and managing weight.  When needed, medications prescribed by healthcare providers can help control glycemia and avoid T2D organ damage (Hopkins et al. 2016).
In the United States, data show that among adults aged 40 to 74 years the prevalence differs dramatically for different ethnic groups: 7.4% for Caucasians, 15% for African Americans, and 14% for Hispanics.  The highest rates are experienced by Native American tribes in the Southwest, with an estimated prevalence of more than 19% (Tareen et al. 2005).  Different ethnic groups have different genetic backgrounds and different lifestyle that could account for the increase of the prevalence.  In other words, while some of the risk factors are non-modifiable like age and genetics, and others modifiable are: poor diet, obesity, and sedentary lifestyle.  Some of the contributing factors for those ethnic groups have been reported to be lack of information on nutritionally appropriate food choices and portion control (Hurt et al. 2010).  In general, because of lifestyle changes (culture barriers and environmental changes), health outcomes of immigrants tend to fall below those of the native population (McDonald and Kennedy 2004).  Moreover, compared to Caucasians, African Americans in general are almost twice as likely to develop T2D and to experience diabetes-related blindness and lower-limb amputations.  Similarly, African Americans are two to six times more likely to have kidney disease compared to Caucasians (Deshpande et al. 2008).    
Both genetic and life style factors contribute to the increased burden of T2D and diabetes-related complications among racial and ethnic minorities including for African American and Latinos (Peek et al. 2007).  A study done by Shipp et al. (2014) showed the prevalence of T2D among African immigrants living in the United States was significantly higher than of the prevalence in their native lands.  Environmental changes and adoption of a sedentary lifestyle are some of the risk factors that are associated with the increased prevalence of T2D for African immigrants (Shipp et al. 2014).  
[bookmark: _Hlk508573053]World-wide study shows that the prevalence of T2D is higher in the developed countries compared to developing countries, (6.2%) and (3.5%) respectively (Black 2002).  In Ethiopia, the prevalence of T2D in the adult population aged 18 and above in 2015 was 1.9%, and for individuals who were older than 40 years of age, their prevalence was higher (2.4%) (Alemu 2015).  However, today, because of lifestyle changes, rapid urbanization, and the Westernization life style, the prevalence of T2D in African communities is increasing (Sobngwi et al. 2001).  Similarly, the prevalence in Africans increases upon migration to higher income seating.  In Ethiopia, prevalence in urban communities (1-13%) is higher compared to rural communities (1-2%) (Sobngwi et al. 2001).  A study done by Commodore - Mensah et al. (2016) revealed that for the African born subpopulation living in the United States for more than five years, obesity risk and being diagnosed with T2D increases (Commodore ‐ Mensah et al. 2016).  However, there has been little research about the prevalence of T2D occurrence among the Ethiopian immigrant population in the United States.  
Ethiopian immigrants diagnosed with T2D often report that their parents/grandparents seldom had T2D.  This may be attributed to their fiber rich, low calorie diet in Ethiopia compared to their Western diet (United States) or other difference in exposure to risk factors as well as to different genetics.  Aging, obesity, diet, and sedentary lifestyle increases susceptibility to T2D by changing the epigenetic pattern in T2D targeted tissues and subsequently affect gene expression and metabolism (Ling and Groop 2009).  Furthermore, environmental factors experienced in early life may enhance the risk of T2D in later life (Andersen et al. 2015).  For example, under-nutrition and low birth weight might be associated with insulin resistance and impaired insulin secretion, which might contribute to the increased risk of T2D later in life (Prasad and Groop 2015).  One study conducted in Israel showed that Ethiopian immigrants had a higher prevalence T2D (3.6%) compared to non-Ethiopian residents (2.7%).  The report states that young Ethiopians less than 50 years (particularly women) had the greatest increase in risk compared to the native people (Jaffe et al. 2016).  This is consistence with a study showing that African immigrants in France develop T2D earlier compared to those staying in their country of birth (Choukem et al. 2014).    
As mentioned, genetic factors also have a crucial role in the development of T2D.  At least 75 independent genetic loci and several DNA methylation markers have been identified that are associated with the risk of T2D.  Subjects having T2D affected siblings are at a two to three-fold increased risk of developing T2D compared with the general population.  While having one parent with T2D increases the risk by 30%-40%, having both parents with the disease increases the risk by 70% (Kwak and Park 2016).  
Genome Wide Association Studies (GWAS) are used to scan a large number of genetic markers (~104 to 106), single-nucleotide polymorphisms (SNPs), across the whole genome of many individuals (>1000) to find specific genetic variations associated with complex diseases, such as T2D (Witte 2010).  After collecting data using GWAS, the specific genetic markers that are associated with T2D are identified using the Manhattan plot.  As shown in figure 1, the Manhattan plot is performed to visualize the SNPs associated with the trait and suggest the genes that were associated with T2D patients compared to the healthy individuals (Cho et al. 2011).



[image: ]
Figure 1. Genome-wide Manhattan plot for genes that were associated with T2D (Cho et al. 2011) 



Genome wide association study helps identify genetic variants that are potentially associated with T2D where one allele will be significantly more common in cases than in controls.  Figure 2 shows a typical GWAS workflow in identifying SNP associations with complex diseases (Kingsmore et al. 2008; Bush and Moore 2012).
[image: https://lh4.googleusercontent.com/bXFlv9dbV3ZNkcX_z_L7QTLJ24Lpa2WVStGJZTfiT1k3iDRa6LBgssYYP9UQ1AFYmnuafi55ItwEXdp7tJbztYcexKVzuxaRo8Bw2VLMs1cObbny-iT3Y-n8LYvImcwemUEa0x77]

Figure 2. GWAS workflow to find SNP-disease associations (Kingsmore et al. 2008).

An intermediate aim of this study is to conduct a systematic review of the literature of GWAS reporting the validity and reliability of the outcome data.  A systematic review is a research study that collects, selects, and summarizes multiple studies.  According to pre-specified criteria, a systematic review is created after reviewing and combining all the information from prior published literature studies and then summarizing the relevant findings (Uman 2011).  In this project, a systematic review of literature on world-wide GWAS will be used to identify genes that have been found to be associated with T2D.


[image: ]

Figure 3. The complex interaction between epigenetics, genetics, and environment. The figure shows how environmental factors, genetic factors, and epigenetic regulations could influence T2D (Kwak and Park 2016).



Type 2 diabetes is a polygenic diseases and both environmental factors and a combination of genetic factors modify the risks (Das and Elbein 2006).  Since T2D is only 10–15% heritable, environmental exposures play a major role in T2D (85-90%) (Karachanak-Yankova et al. 2016).  One of the biggest mediator for environmental exposure are epigenetics.  Thus, epigenetic modifications might be a possible mechanism for the increased prevalence of T2D among the immigrant population to high income country that occurs following exposure to different environments and lifestyles.
Epigenetics is the study of heritable changes of DNA, not involving in the DNA sequence, that regulates gene expression (Karachanak-Yankova et al. 2016).  Epigenetic modifications provide additional instruction on how, when, and where genes should be expressed.  Figure 4 shows the pairing of cytosine and guanine, and also shows cytosine methylation at the 5′ to a guanosine (commonly annotated as CpGs, where the intervening ‘p’ represents the phosphodiester bond linking cytosine (C) and guanine (G) containing nucleotides) (Gibney and Nolan 2010).

[image: https://lh3.googleusercontent.com/LNlpM-ljBQN2tsAQdnN6fZ-TKivuRQ3Yfg9MSgt4HBthmIRLMDtn_iIU3hFMDCcMtqZy2RI4t36-JvhVLWLlX4NecyY6S92TK4wPZfBRXdVqZ6HEW1GIGEHk_ead8ym2K3QLRlp8] CH3


Figure 4. Cytosine and guanine bonding and cytosine methylation at CpG sites (Gibney and Nolan 2010).





The expression of specific genes can be influenced by adding methyl groups to cytosine by the enzymes DNA methyltransferases (DNMTs).  As shown in figure 5, DNA methylation is catalyzed by DNMT to the 5-carbon of cytosine in a CpG island sites.  So far, four DNMTs have been identified: DNMT1, DNMT2, DNMT3a and DNMT3b.  While DNMT1 maintains the parent DNA methylation pattern during replication, DNMT3a and DNMT3b target unmethylated CpG sites (de novo DNA methylation) (Gibney and Nolan 2010).  When methyl is added to the 5’Cytosine, the DNA becomes inaccessible to transcription factors.  Therefore, the genes are not transcribed.


[image: Image result for methylation]
Figure 5. Conversion of cytosine to 5-methylcytosine by DNMT (Gibney and Nolan 2010).




Bisulfite assays are used to identify and detect the degree of methylation at the CpG islands (Chung et al. 2010).  As shown in the following figure, DNA is denatured and then treated with sodium bisulfite at specific CpG sites of the promoter region to convert unmethylated cytosine to thymine while methylated cytosine stays the same.  Bisulfite-treated DNAs are amplified using Polymerase Chain Reaction (PCR) and sequenced to detect methylation at specific sites.  

[image: An external file that holds a picture, illustration, etc.
Object name is nihms339778f2.jpg]
Figure 6: Bisulfite conversion (Li and Tollefsbol 2011)

[bookmark: _Hlk516097773]Following bisulfite conversion, the DNA strands are no longer complementary, and primers are designed to assay the methylation status of a specific strand (Zilberman and Henikoff 2007; Li and Tollefsbol 2011).  DNA methylation status can be interpreted by comparing the sequencing results and the original DNA sequence.  All unmethylated cytosines convert to thymine and the presence of a C-peak indicates the presence of 5-methylcytosine (5mC) in the genome.  If both C-and T-peaks appear, this indicates partial methylation or potentially incomplete bisulfite conversion has occurred (Zilberman and Henikoff 2007). 

RESEACH DESIGN / METHODS


In this study, I am going to determine whether the prevalence of T2D is different in native Ethiopians (2.1%) compared to that in the Ethiopian immigrants who have been living in the United States for more than five years.  Next, I will do a systematic review of literature on worldwide GWAS to identify the genes that are associated with the predisposition of T2D.  Finally, I will compare the degree of epigenetic modifications of those genes between the native and immigrant Ethiopian populations for both case and control groups.
Aim 1: Examine the prevalence of T2D among the Ethiopian immigrant population who has been living in the United States for more than five years and compare it with the prevalence in native Ethiopian 
The purpose of this aim is to examine the prevalence of T2D among Ethiopian immigrant population 18 years old and above who have been living in the United States for more than 5 years and compare the result with native Ethiopian individuals 18 years old and above.  Prevalence is the number of cases of a disease that are present in a particular population at a given time.  In Ethiopia, the prevalence of T2D among the whole adult population (18 years and older) was estimated 2.1% in 2015 (Alemu 2015).  
The prevalence of T2D among Ethiopian immigrants in the United States is unknown.  Tareen et al. (2005) reported that the prevalence for African Americans in the United States was 15% (Ethiopian immigrants are part of this data) (Tareen et al. 2005).    
The total Ethiopian immigrant population in the United States in 2012 was 187,000.  Most of the Ethiopian immigrant population live in Washington DC, Seattle, Minneapolis, and Atlanta.  According to the 2012 United States Census Bureau, the highest number of Ethiopian immigrants, an estimated 37,924 adult, age greater than 18 and older, live in the Washington DC metro area (Ogunwole et al. 2017).
In the Washington DC metro area, the Office of Minority Health System (OMHS) provides and utilizes health care services for the Ethiopian residents and other minorities.    
I will take a representative sample of from the medical records access through this organization.  Then, from the sample, I will abstract T2D data to estimate the deidentified prevalence of the Ethiopian immigrants in the United states using the following formula: 


Prevalence = Number of people diagnosed with the disease X 100
                    	        	 Total population
        
	
I am hypostasizing that the expected estimate prevalence for the Ethiopian immigrant population will vary between 2% (native Ethiopian) and 15% (African American).
[bookmark: _Hlk515977281]Aim 2: Systematic review of literature on world-wide Genome Wide Association Studies (GWAS) to identify genes that have been found to be associated with T2D more frequently 
[bookmark: _Hlk515968015]The purpose of this aim was to conduct a systematic review to examine the literature reporting the genes that were associated with T2D researchers identified using GWAS.  According to the 2009 PRISMA guidelines checklist (PRISMA, 2009), I searched PubMed and used MeSH (Medical Subject Headings) terms to retrieve relevant articles.  A search constraint for articles published between January 2009 and January 2017 was applied.  I searched PubMed using MeSH terms for all published studies: ((Genome-Wide Association Study[MeSH Major Topic]) AND type 2 diabetes[MeSH Major Topic]).  The work-flow of the systematic review I used is as follow:
Identification  Screening  Eligibility  Included



Table 1. The work-flow of the systematic review

PubMed T2D 962,038 January 2009 - 2017
PubMed GWAS 7,826 January 2009 - 2017

Identification 




118 Articles excluded after title/abstract screen 
185 Citations screened 


Screening 

67 Articles were retrieved 




Eligibility 
51 Articles excluded after full screen 
Inclusion/exclusion criteria applied 



Included 
16 Articles included  










Table 2: Inclusion and Exclusion criteria 
	Parameter
	Inclusion 

	Language
	English

	Population
	All

	Age
	Adults

	Topics 
	GWAS and T2D

	Date of publication 
	2009 – 2017




I searched PubMed for all published studies that reported the genes that were associated with T2D using GWAS.  Studies were included if they have both GWAS and T2D.  I excluded models that did not have both GWAS and T2D, and studies investigating a complication of diabetes (like cardiovascular diseases) as the outcome.  I extracted data from GWA studies and T2D study including information on: study characteristics (the author’s name, year of publication, country, and number of cases and population sample size), and the genes that were associated with T2D diagnosed patients.  I reviewed the abstracts to select 65 potentially relevant abstract articles for the full text review, and I included sixteen articles in this systematic review.









Table 3. The included studies from the GWAS in T2D 

	Article numbers 
	Genes identified that were associated with T2D
	Country/ethnic groups studies happened 
	Number of people who participated Case/control  
	Author lists 

	1
	FAF1
	Northern Han Chinese
	461/434
	Rao et al. 2016

	2
	TOMM7
	Chinese Dong Population 
	209/209
	Liu et al. 2015

	3
	TCF7L2, CDKAL1
	Lebanese 
	1384/1902
	Ghassibe-Sabbagh et al. 2014

	4
	IGF2BP2, CDKAL1, TCF7L2, COL8A1, KCNQ1, ALX4, HNF1
	Lebanese Arabs
	995/1076
	Almawi et al. 2013

	5
	MIR129-LEP, GPSM1, SLC16A13
	Japanese patients
	5976/20,829
	Hara et al. 2014

	6
	IGF2BP2, KCNQ1, WFS1, TCF7L2
	African Americans
	1,554/2,734
	Long et al. 2012

	7
	KCNQ1, VPS26A
	Chinese 
	498/402
	Lu et al. 2012

	8
	GLIS3, PEPD, FITM2-R3, HDML-HNF4A, KCNK16, MAEA, GCC1-PAX4, PSMD6, ZFAND3
	East Asians 
	12,284/13,172
	Cho et al. 2011

	9
	MTNR1B, GCK, IRS1, PROX1, BCL11A, ZBED3, KLF14, TP53INP1, KCNQ1, CENTD2, HMGA2, ZFAND6, PRC1
	Japanese 
	2,839/2,125
	Ohshige et al. 2011

	10
	GRB14, ST6GAL1, VPS26A, HMG20A, AP3S2, HNF4A
	South Asian
	5,561/14,458
	Kooner et al. 2011

	11
	CDKN2A/2B, HNF1A, KCNQ1, IGF2BPs
	Mexico-American
	967/343
	Below et al. 2011

	12
	PPARG, TCF7Ls, FTO, CDKN2A/2B, KKEX/IDE, IGF2BP2, SLC30A8, KCNQ1, IRS1, KLDI4, CHCHD9, DUSPG
	Pakistani Population
	1,678/1,584
	Rees et al. 2011

	13
	GIPR, ADCY5, TCF7L2, VPS13C, DGKB, MADD, ADRA2A, SLC30A8, IGF1
	Chinese
	3,410/3,412
	Hu et al. 2010

	14
	UBE2E2, C2CD4A/4B

	Japanese population
	4,470/3,071
	Yamauchi et al. 2010

	15
	KCNQ1
	Han Chinese
	995/894
	Tsai et al. 2010

	16
	CDKAL1, CDKN2A/2B, KCNQ1, TCF7L2, 
IGF2BP2, SLC30AB, HHEX, KCNJ11

	Japanese
	519/503
	Takeuchi et al. 2009





After reviewing all the sixteen articles, I chose six genes associated with T2D that showed up more frequently in the articles: CDKAL1, CDKN2A/2B, KCNQ1, TCF7L2, IGF2BP2, and SLC30A8.  All six genes were involved with regulation and secretion of insulin or insulin sensitivity.  On the following table, I have listed the roles of the six genes that I have selected. 

Table 3: Role of the genes that are associated with T2D worldwide

	Genes associated with T2D
	Chromosome location 
	Role/mechanism 
	References 

	CDKAL1
	6p22.3
	Associated with reduced β-cell function and insulin release
	Brambillasca et al. 2012

	CDKN2A/2B
	9p21.3
	Reduced insulin sensitivity
	Kong et al. 2016

	KCNQ1
	11p15.5-15.4
	Play a role in regulation of insulin secretion of pancreatic β-cells
	Sun et al. 2012

	TCF7L2
	10q25-25.3
	Affects insulin secretion
	Gloyn et al. 2009

	IGF2BP2
	3q27.2
	Stimulation of insulin action
	Zhao et al. 2011

	SLC30A8
	8q24.11
	Insulin processing and secretion
	Salem et al. 2014



Aim 3: Compare the degree of epigenetic modifications possibly result in altered gene expressions of the identified genes 
[bookmark: _Hlk515815606]Having identified the most frequent genes that were associated with T2D from the systematic review, I will sequence and compare the degree of epigenetic modifications and gene expression of the selected genes in both native Ethiopians and the Ethiopian immigrant population in the United States diagnosed with T2D, as well as, control groups.  Thus, will find out if the identified genes are subjected to epigenetic modifications, possibly resulting in altered gene expression.  Bisulfite assay will be used to identify and detect the regions of methylation at the CpG islands (Chung et al. 2010).  
[bookmark: _Hlk520340735]Samples of Ethiopian immigrants represent the whole immigrant population in the United States will be recruited using the OMHS records.  Furthermore, a sample of native Ethiopians will be collected in collaboration with Gonder University in Ethiopia.  A brief questionnaire about medical history will be administrated including: sex, age (> 18), age at T2D onset, if any family history of T2D, and where in Ethiopia are they from (rural/urban).  Ethiopian immigrants will also be asked for how long they have been living in the United States and will participate in the study if they said ≥ 5 years.  Biospecimen for bisulfite assay will be collected in both groups.  This study is going to be done by collaborating with Gonder University in Ethiopia.  The school has an ongoing cohort, so I can recruit a representative sample nested inside cohort.  Also, the participants in both groups have to be comparable.  In each group, a sample of T2D patients and a control sample will be recruited. Cases and controls will have to be exchangeable except for the diagnoses of T2D.  
The reason why the genes will not be expressed would be because of hyper-methylation at CpG island sites causing the Ethiopian immigrant population to have a higher prevalence and more susceptibility to T2D compared to the native Ethiopians.  Individual genes will be sequenced for both native Ethiopian and the Ethiopian immigrants diagnosed with T2D, and the expression and methylation frequency of those specific genes that are associated with T2D will be compared.  I am hypothesizing that the genes associated with T2D will be more expressed (less methylated) in native Ethiopians compared to the Ethiopian immigrant population in the United States diagnosed with T2D.  I hypothesis that this would be correlated with the lifestyle differences between the two groups.  













SUMMARY


Prevalence of T2D likely is rising among the Ethiopian immigrant population in the Western countries compared to native Ethiopia.  Factors contributing to the hypothesize increase of T2D prevalence among Ethiopian immigrants might include modifiable (diet, obesity, and sedentary lifestyle) and non-modifiable (aging and genetics).  Type 2 diabetes is associated with multiple genes, and data suggested that epigenetics may be involved.  Epigenetic modifications might be one of the factor contributing to a possible increase of T2D prevalence among Ethiopian immigrants in the United States.  Therefore, identifying and understanding the epigenetic changes specific to Ethiopian immigrant population diagnosed with T2D might help to develop better strategies to intervene and/or to prevent the onset of the disease.  












INFORMED CONSENT DOCUMENT


Before collecting data, an informed consent will be obtained from the respondent (both T2D patients and healthy individuals) in native Ethiopians and Ethiopian immigrants in the Washington DC metro area.  The participants will provide a written informed consent to be a part of the study.  According to the principle of autonomy, participants are free to decide independently not to participate in this study and also have the right to withdraw at any point during the research process (Gupta 2013).  The participants will be assured that any information they would disclose will not be made accessible to parties other than those involved in the study.  The obligation of confidentiality will be maintained throughout the study, and a written research plan will also be provided to the participants.  Institutional review board (IRB) in the USA as well as in Ethiopia will be monitoring this study.  The purpose of IRB is to facilitate human subjects research by ensuring the rights and welfare of human subjects are protected during their participation (protecting human subjects in research).  
Study location: Holy Cross Hospital, Silver Spring, MD, collaborating with Gonder University, Ethiopia. 
Introduction: Participation in this study is completely voluntary and you may choose not to take part, or you may withdraw from the study at any time.
The purpose of this study: The purpose of this study is to understand/explore a possible increased prevalence on T2D within Ethiopian immigrant population in Western countries (United States) compared to native Ethiopian populations, and to find the degree of methylation on genes that are associated with T2D.
What will the study involve? 
I am going to collect samples for each participant by swabbing buccal (cheek) cells.  A brief questionnaire about medical history will be administrated to you including: your sex, your age (> 18), your age at T2D onset, if you have any family history of T2D, and where in Ethiopia you are from (rural/urban), and if Ethiopian immigrants: how long have you been living in the United States?     
Inclusion criteria:
Eligibility criteria for the study included being an Ethiopian immigrant, permanently and legally resident for more than 5 years in the Washington DC metro area region aged 18 and above, or native Ethiopian, and being able to provide informed consent.
What tests will be performed on your samples?
We will examine six genes to determine if there functioning is different in Ethiopian immigrant and native Ethiopian in such way that it may increase the risk of T2D in immigrant Ethiopian. 
How long will this study last? This study is expected to last 24 months.
Risks associated with this study? Some of the risks that are associated with this study are inconvenience, discomfort at sample collection, and possible loss of privacy.
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