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Abstract 

This paper explores the genetic determinants of red blood cell (RBC) morphology in diabetes, 

highlighting their significance in disease progression and complications. Through genetic studies, 

several variants impacting hemoglobin glycation, oxidative stress response, and RBC membrane 

structure have been identified. These variants, interacting with environmental factors, influence 

RBC morphology in diabetes, contributing to complications like retinopathy and nephropathy. 

Understanding these genetic determinants offers opportunities for personalized medicine and 

targeted therapies. Further research is needed to unravel the complexities of these interactions and 

develop effective treatments for diabetic individuals. 
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Introduction 

The most prevalent blood cells in the body are red blood cells (RBCs), which carry oxygen to 

bodily tissues.1 Counting these essential cells is frequently the initial step in determining the 

pathogenic state of a patient. Discocytes are a nucleated red blood cells that have a core pallor and 

a biconcave disk shape. The name for abnormally shaped red blood cells in the blood is 

poikilocytosis. Analyzing changes in the morphology of red blood cells offers crucial information 

that can be used to construct a differential diagnosis for illnesses in both people and animals. Aside 

from illnesses, aging is one physiological aspect that can alter the morphology of erythrocytes.2  

Diabetes is a chronic illness that is significantly impacted by daily changes in stress, activity, 

nutrition, and infection. Diabetes management requires daily attention to these aspects, and the 

patient is best suited to handle the problem. Therefore, it is essential to have a complete 

understanding of the illness, how it affects regular bodily processes, and the potential for both 

acute and long-term consequences. It permits the individual with diabetes to better care for 

themselves.3-13  

Impact of diabetes on red blood cell morphology 

Many patients with diabetes have a 10-15% increase in RBC diameter, increasing blood 

viscosity.14 This results from an influx of glucose which flattens the biconcave disk and bloats the 

cells. AFM enables good visual analysis of this phenomenon, and is thus suitable for determining 

the presence and rate of diabetic disease progression. Rearrangement of the proteins in the plasma 

membrane and cytoskeleton weakens the membrane, as does the influx of glucose. Cytoskeleton 
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proteins also appear to be heavily glycosylated, impacting membrane stability. scanning electron 

microscopy shows smoother RBC membranes in diabetics, because of protein damage and 

rearrangement, as well as the loss of several lipids on the outer surface.15 High blood glucose 

concentrations result in the RBCs adhering together and to the endothelial wall. Research suggests 

that plaques of RBCs may cause endothelial dysfunction, predisposing diabetic individuals to 

cardiovascular disease. 

Genetics in determining the susceptibility of red blood cells to diabetes-induced changes 

Diabetic retinopathy remains the leading cause of blindness in working-aged adults.  Over 4 

million adults 40 years and older in the United States are estimated to have diabetic retinopathy, 

of whom 1 out of every 12 has advanced vision-threatening retinopathy.16 With the projected 

increase in the world-wide prevalence of diabetes to 380 million people by 2025 of whom 40% 

are expected to have some form of diabetic retinopathy there is a clearly a need to develop 

strategies to identify persons at risk of diabetic retinopathy, allowing prevention and early 

intervention.16 

Risk Factors for Diabetic Retinopathy 

There is already strong evidence that longer duration of diabetes, poorer control of blood glucose 

and elevated blood pressure are the major factors responsible for the onset and progression of 

diabetic retinopathy. The Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESDR), a 

population-based cohort study of diabetes in which participants were first examined in 1980-82, 

showed that in persons with type 1 diabetes, the prevalence of diabetic retinopathy ranged from 

17% in those with diabetes for less than 5 years to almost 100% in those with diabetes for over 15 

years.17 The corresponding figures in persons with type 2 diabetes were 29% and 78%. The 

importance of good glycemic control for delaying the development and progression of diabetic 

retinopathy was confirmed in two landmark clinical trials, the Diabetes Control and Complications 

Trial (DCCT) in persons with type 1 diabetes and the UK Prospective Diabetes Study (UKPDS) 

in persons with type 2 diabetes The UKPDS has further shown the value of tight blood pressure 

control in delaying the development of diabetic retinopathy complications and well as other 

microvascular endpoints. 

Genetic markers to red blood cell alterations in diabetes 

In blood, hemoglobin A1c (HbA1c) may be considered as a biomarker for the presence and 

severity of hyperglycemia, implying diabetes or pre-diabetes, or, over time, as a “biomarker for a 

risk factor”, i.e. hyperglycemia as a risk factor for diabetic retinopathy, nephropathy, and other 

vascular complications of diabetes.18 In tissues, glycation and oxidative stress resulting from 

hyperglycemia and dyslipidemia lead to widespread modification of biomolecules by advanced 

glycation end products (AGEs). Some of these altered species may serve as biomarkers, whereas 

others may lie in the causal pathway for vascular damage. New non-invasive technologies can 

detect tissue damage mediated by AGE formation: these include indirect measures such as pulse 

wave analysis (a marker of vascular dysfunction) and more direct markers such as skin auto 
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fluorescence (a marker of long-term accumulation of AGEs). Genetics in determining the 

susceptibility of red blood cells to diabetes-induced changes. 

Type 1 diabetes mellitus  is one of the most common chronic diseases of childhood and the most 

common type of diabetes in persons under 40 years of age. It is the leading cause of blindness, 

amputations, and end-stage renal disease, and contributes to premature death. The most frequent 

age of its onset is 12-13 years, but it may occur at any age, in all racial groups, with equal 

prevalence (about 1/300) in males and females. The incidence of type 1A diabetes has been 

increasing in many countries. Almost one half of monozygotic twins of patients with DM 1A 

develops diabetes. The concordance of monozygotic (50 %) and dizygotic (5 %) twins for DM 1A 

differs dramatically. The probability of a monozygotic twin living in different environmental 

conditions to develop to diabetes decreases with the duration of discordance, but twins can become 

concordant more than 40 years after the development of diabetes in their twin sibling. The risk for 

diabetes of a dizygotic twin is more or less similar to the risk of a twin of a patient with diabetes 

(5 %). Thus the shared environment of dizygotic twins does not appear substantially enhance the 

development of diabetes. Expression of anti-islet autoantibodies is much greater for monozygotic 

twins as compared to dizygotic twins. The majority of monozygotic twins of DM 1A patients 

expressing anti-islet autoantibodies progresses to diabetes.19-34  

 

Conclusion  

 

Understanding the genetic determinants of red blood cell morphology in diabetes is crucial for 

advancing our knowledge of the disease and developing targeted treatments. Through genetic 

studies, we have identified several genetic variants associated with altered red blood cell 

characteristics in diabetes. These variants affect key processes such as hemoglobin glycation, 

oxidative stress response, and red blood cell membrane structure.  Moreover, these genetic factors 

interact with environmental and lifestyle factors to influence red blood cell morphology in 

individuals with diabetes. By studying these interactions, we can better understand why certain 

individuals develop complications such as diabetic retinopathy, nephropathy, and neuropathy, 

while others do not.  

 

References 

1. Kanias T, Acker JP. Biopreservation of red blood cells–the struggle with hemoglobin 

oxidation. The FEBS journal. 2010;277(2):343-356. 

2. Minetti M, Agati L, Malorni W. The microenvironment can shift erythrocytes from a 

friendly to a harmful behavior: pathogenetic implications for vascular diseases. 

Cardiovascular research. 2007;75(1):21-28. 

3. Ifediora AC, Obeagu EI, Akahara IC, Eguzouwa UP. Prevalence of urinary tract infection 

in diabetic patients attending Umuahia health care facilities. J Bio Innov. 2016;5(1):68-82. 

links/5ae45fdfaca272ba507eb3c3/PREVALENCE-OF-URINARY-TRACT-

https://epjournals.com/journals/EJH
https://www.researchgate.net/profile/Emmanuel-Obeagu/publication/324820413_PREVALENCE_OF_URINARY_TRACT_INFECTION_IN_DIABETIC_PATIENTS_ATTENDING_UMUAHIA_HEALTH_CARE_FACILITIES/links/5ae45fdfaca272ba507eb3c3/PREVALENCE-OF-URINARY-TRACT-INFECTION-IN-DIABETIC-PATIENTS-ATTENDING-UMUAHIA-HEALTH-CARE-FACILITIES.pdf


Elite Journal of Haematology. Volume 2 issue 1(2024), Pp.  42-47 

https://epjournals.com/journals/EJH 

 

 

Citation: Mohamed AF, Obeagu EI. Genetic Determinants of Red Blood Cell Morphology in Diabetes 

. Elite Journal of Haematology, 2024; 2(1): 42-47 

 

 

4 

 

INFECTION-IN-DIABETIC-PATIENTS-ATTENDING-UMUAHIA-HEALTH-CARE-

FACILITIES.pdf. 

4. Ugwu OP, Alum EU, Okon MB, Aja PM, Obeagu EI, Onyeneke EC. Ethanol root extract 

and fractions of Sphenocentrum jollyanum abrogate hyperglycaemia and low body weight 

in streptozotocin-induced diabetic Wistar albino rats. RPS Pharmacy and Pharmacology 

Reports. 2023;2(2): rqad010. 

5. Obeagu EI, Obeagu GU. Utilization of Antioxidants in the management of diabetes 

mellitus patients. J Diabetes Clin Prac. 2018;1(102):2. 

links/5b6c2dec92851ca65053b74e/Utilization-of-Antioxidants-in-the-Management-of-

Diabetes-Mellitus.pdf. 

6. Obeagu EI, Okoroiwu IL, Obeagu GU. Some haematological variables in insulin 

dependent diabetes mellitus patients in Imo state Nigeria. Int. J. Curr. Res. Chem. Pharm. 

Sci. 2016;3(4):110-7. links/5ae4abee458515760ac07a13/Some-haematological-variables-

in-insulin-dependent-diabetes-mellitus-patients-in-Imo-state-Nigeria.pdf. 

7. Nwakuilite A, Nwanjo HU, Nwosu DC, Obeagu EI. Evaluation of some trace elements in 

streptozocin induced diabetic rats treated with Moringa oleifera leaf powder. WJPMR. 

2020;6(12):15-8. links/5fcb587092851c00f8516430/EVALUATION-OF-SOME-

TRACE-ELEMENTS-IN-STREPTOZOCIN-INDUCED-DIABETIC-RATS-TREATED-

WITH-MORINGA-OLEIFERA-LEAF-POWDER.pdf. 

8. Anyiam AF, Obeagu EI, Obi E, Omosigho PO, Irondi EA, Arinze-Anyiam OC, Asiyah 

MK. ABO blood groups and gestational diabetes among pregnant women attending 

University of Ilorin Teaching Hospital, Kwara State, Nigeria. International Journal of 

Research and Reports in Hematology. 2022;5(2):113-121. 

9. Okafor CJ, Yusuf SA, Mahmoud SA, Salum SS, Vargas SC, Mathew AE, Obeagu EI, 

Shaib HK, Iddi HA, Moh’d MS, Abdulrahman WS. Effect of Gender and Risk Factors in 

Complications of Type 2 Diabetic Mellitus among Patients Attending Diabetic Clinic in 

Mnazi Mmoja Hospital, Zanzibar. Journal of Pharmaceutical Research International. 

2021;33(29B):67-78. 

10. Galano ES, Yusuf SA, Ogbonnia SO, Ogundahunsi OA, Obeagu EI, Chukwuani U, Okafor 

CJ, Obianagha NF. Effect of Extracts of Kigelia Africana Fruit and Sorghum Bicolor Stalk 

on the Biochemical Parameters of Alloxan-Induced Diabetic Rats. Journal of 

Pharmaceutical Research International. 2021;33(25B):86-97. 

11. Kama SC, Obeagu EI, Alo MN, Ochei KC, Ezugwu UM, Odo M, Ikpeme M, Ukeekwe 

CO, Amaeze AA. Incidence of Urinary Tract Infection among Diabetic Patients in 

Abakaliki Metropolis. Journal of Pharmaceutical Research International. 2020;32(28):117-

21. 

12. Nwakulite A, Obeagu EI, Eze R, Vincent CC, Chukwurah EF, Okafor CJ, Ibekwe AM, 

Adike CN, Chukwuani U, Ifionu BI. Evaluation of Catalase and Manganese in Type 2 

Diabetic Patients in University of Port Harcourt Teaching Hospital. Journal of 

Pharmaceutical Research International. 2021:40-45. 

13. Nwakulite A, Obeagu EI, Nwanjo HU, Nwosu DC, Nnatuanya IN, Vincent CC, Amaechi 

CO, Ochiabu O, Barbara MT, Ibekwe AM, Okafor CJ. Studies on Pancreatic Gene 

https://epjournals.com/journals/EJH
https://www.researchgate.net/profile/Emmanuel-Obeagu/publication/324820413_PREVALENCE_OF_URINARY_TRACT_INFECTION_IN_DIABETIC_PATIENTS_ATTENDING_UMUAHIA_HEALTH_CARE_FACILITIES/links/5ae45fdfaca272ba507eb3c3/PREVALENCE-OF-URINARY-TRACT-INFECTION-IN-DIABETIC-PATIENTS-ATTENDING-UMUAHIA-HEALTH-CARE-FACILITIES.pdf
https://www.researchgate.net/profile/Emmanuel-Obeagu/publication/324820413_PREVALENCE_OF_URINARY_TRACT_INFECTION_IN_DIABETIC_PATIENTS_ATTENDING_UMUAHIA_HEALTH_CARE_FACILITIES/links/5ae45fdfaca272ba507eb3c3/PREVALENCE-OF-URINARY-TRACT-INFECTION-IN-DIABETIC-PATIENTS-ATTENDING-UMUAHIA-HEALTH-CARE-FACILITIES.pdf
https://www.researchgate.net/profile/Emmanuel-Obeagu/publication/326915058_Utilization_of_Antioxidants_in_the_Management_of_Diabetes_Mellitus/links/5b6c2dec92851ca65053b74e/Utilization-of-Antioxidants-in-the-Management-of-Diabetes-Mellitus.pdf
https://www.researchgate.net/profile/Emmanuel-Obeagu/publication/326915058_Utilization_of_Antioxidants_in_the_Management_of_Diabetes_Mellitus/links/5b6c2dec92851ca65053b74e/Utilization-of-Antioxidants-in-the-Management-of-Diabetes-Mellitus.pdf
https://www.researchgate.net/profile/Emmanuel-Obeagu/publication/324824709_Some_haematological_variables_in_insulin_dependent_diabetes_mellitus_patients_in_Imo_state_Nigeria/links/5ae4abee458515760ac07a13/Some-haematological-variables-in-insulin-dependent-diabetes-mellitus-patients-in-Imo-state-Nigeria.pdf
https://www.researchgate.net/profile/Emmanuel-Obeagu/publication/324824709_Some_haematological_variables_in_insulin_dependent_diabetes_mellitus_patients_in_Imo_state_Nigeria/links/5ae4abee458515760ac07a13/Some-haematological-variables-in-insulin-dependent-diabetes-mellitus-patients-in-Imo-state-Nigeria.pdf
https://www.researchgate.net/profile/Emmanuel-Obeagu/publication/346647641_EVALUATION_OF_SOME_TRACE_ELEMENTS_IN_STREPTOZOCIN_INDUCED_DIABETIC_RATS_TREATED_WITH_MORINGA_OLEIFERA_LEAF_POWDER/links/5fcb587092851c00f8516430/EVALUATION-OF-SOME-TRACE-ELEMENTS-IN-STREPTOZOCIN-INDUCED-DIABETIC-RATS-TREATED-WITH-MORINGA-OLEIFERA-LEAF-POWDER.pdf
https://www.researchgate.net/profile/Emmanuel-Obeagu/publication/346647641_EVALUATION_OF_SOME_TRACE_ELEMENTS_IN_STREPTOZOCIN_INDUCED_DIABETIC_RATS_TREATED_WITH_MORINGA_OLEIFERA_LEAF_POWDER/links/5fcb587092851c00f8516430/EVALUATION-OF-SOME-TRACE-ELEMENTS-IN-STREPTOZOCIN-INDUCED-DIABETIC-RATS-TREATED-WITH-MORINGA-OLEIFERA-LEAF-POWDER.pdf
https://www.researchgate.net/profile/Emmanuel-Obeagu/publication/346647641_EVALUATION_OF_SOME_TRACE_ELEMENTS_IN_STREPTOZOCIN_INDUCED_DIABETIC_RATS_TREATED_WITH_MORINGA_OLEIFERA_LEAF_POWDER/links/5fcb587092851c00f8516430/EVALUATION-OF-SOME-TRACE-ELEMENTS-IN-STREPTOZOCIN-INDUCED-DIABETIC-RATS-TREATED-WITH-MORINGA-OLEIFERA-LEAF-POWDER.pdf


Elite Journal of Haematology. Volume 2 issue 1(2024), Pp.  42-47 

https://epjournals.com/journals/EJH 

 

 

Citation: Mohamed AF, Obeagu EI. Genetic Determinants of Red Blood Cell Morphology in Diabetes 

. Elite Journal of Haematology, 2024; 2(1): 42-47 

 

 

5 

 

Expression in Diabetic Rats Treated with Moringa oleifera Leaf. Journal of Pharmaceutical 

Research International. 2021;33(28A):78-86. 

14. Wang Y, Yang P, Yan Z, Liu Z, Ma Q, Zhang Z, Wang Y, Su Y. The relationship 

between erythrocytes and diabetes mellitus. Journal of Diabetes Research. 2021. 

15. Condello M, Caraglia M, Castellano MA, Arancia G, Meschini S. Structural and 

functional alterations of cellular components as revealed by electron microscopy. 

Microscopy research and technique. 2013;76(10):1057-1069. 

16. Teo ZL, Tham YC, Yu M, Chee ML, Rim TH, Cheung N, Bikbov MM, Wang YX, Tang 

Y, Lu Y, Wong IY. Global prevalence of diabetic retinopathy and projection of burden 

through 2045: systematic review and meta-analysis. Ophthalmology. 2021;128(11):1580-

91. 

17. Jonas JB, Sabanayagam C. Epidemiology and risk factors for diabetic retinopathy. In 

Diabetic retinopathy and cardiovascular disease 2019; 27: 20-37. Karger Publishers. 

18. Sherwani SI, Khan HA, Ekhzaimy A, Masood A, Sakharkar MK. Significance of HbA1c 

test in diagnosis and prognosis of diabetic patients. Biomarker insights. 2016: BMI-

S38440. 

19. Nwosu DC, Nwanjo HU, Obeagu EI, Ugwu GU, Ofor IB, Okeke A, Ochei KC, Kanu SN, 

Okpara KE. Evaluation of Lipoprotein A and Lipid Tetrad Index Pattern in Diabetic 

Patients Attending Metabolic Clinic in The Federal Medical Centre, Owerri, Imo State. 

World Journal of Pharmacy and Pharmaceutical Sciences, 2015; 4 (3):126-140  

20. Ezema GO, Omeh NY, Egbachukwu S, Agbo EC, Ikeyi AP, Obeagu EI. Evaluation of 

Biochemical Parameters of Patients with Type 2 Diabetes Mellitus Based on Age and 

Gender in Umuahia. Asian Journal of Dental and Health Sciences. 2023 Jun 15;3(2):32-6. 

http://ajdhs.com/index.php/journal/article/view/43. 

21. Adu ME, Chukwuani U, Ezeoru V, Okafor CJ, Amaechi CO, Vincent CC, Obeagu GU, 

Eze R, Nnatuanya IN, Nwosu DC, Nwanjo HU. Studies on molecular docking of moringa 

oleifera leaf phytochemical constituents on alpha glucosidase, alpha amylase and 

dipeptidyl peptidase. Journal of Pharmaceutical Research International. 2021 May 

7;33(28A):239-45. 

22. Ezugwu UM, Onyenekwe CC, Ukibe NR, Ahaneku JE, Obeagu EI. Plasma Level of 

Macromolecules and Mathematical Calculation of Potential Energy in Type 2 Diabetic 

Individuals at NAUTH, Nnewi, Nigeria. Journal of Pharmaceutical Research International. 

2021 Nov 2;33(47B):242-8. 

23. Nwakulite A, Obeagu EI, Eze R, Ugochi VE, Vincent CC, Okafor CJ, Chukwurah EF, 

Unaeze BC, Amaechi CO, Okwuanaso CB, Chukwuani U. Estimation of Serum 

Glutathione Peroxidase in Streptozotocin Induced Diabetic Rat Treated with Bitter Leaf 

Extract. Journal of Pharmaceutical Research International. 2021 Jun 7;33(30B):200-6. 

24. Okoroiwu IL, Obeagu EI, San Miguel HG, Bote SA, Obeagu GU. Characterisation of 

HLA-DR antigen in patients type 1 diabetes mellitus in patient attending a tertairy hospital 

in Enugu, south-east Nigeria. ACADEMIC JOURNAL. 2023. 

25. Okoroiwu IL, Obeagu EI, Obeagu GU, Chikezie CC, Ezema GO. The prevalence of 

selected autoimmune diseases. Int. J. Adv. Multidiscip. Res. 2016;3(3):9-14. 

https://epjournals.com/journals/EJH
http://ajdhs.com/index.php/journal/article/view/43


Elite Journal of Haematology. Volume 2 issue 1(2024), Pp.  42-47 

https://epjournals.com/journals/EJH 

 

 

Citation: Mohamed AF, Obeagu EI. Genetic Determinants of Red Blood Cell Morphology in Diabetes 

. Elite Journal of Haematology, 2024; 2(1): 42-47 

 

 

6 

 

26. Nwakuilite A, Nwanjo HU, Nwosu DC, Obeagu EI. EVALUATION OF ENZYME 

ANTIOXIDANTS IN STREPTOZOCIN INDUCED DIABETIC RATS TREATED 

WITH MORINGA OLEIFERA LEAF POWDER. European Journal of Biomedical. 

2020;7(11):285-8. 

27. Nwosu DC, Nwanjo HU, Opara AU, Ofor IB, Obeagu EI, Ugwu GU, Ojiegbe GC, Nnorom 

RM, Nwokike GI, Okpara KE, Ochei KC. EVALUATION OF C-REACTIVE PROTEIN, 

SELENIUM AND GLYCOSYLATED HAEMOGLOBIN LEVELS IN DIABETIC 

PATIENTS ATTENDING METABOLIC CLINIC IN THE FEDERAL MEDICAL 

CENTRE, OWERRI, IMO STATE. World Journal of Pharmacy and Pharmaceutical 

Sciences, 2015; 4 (3):141-152. 

https://www.academia.edu/download/38320132/NWOSU_EMMA_9.pdf. 

28. Nwakuilite A, Nwanjo HU, Nwosu DC, Obeagu EI. Evaluation of Kidney Injury Molecule-

1, Cystatin C, and Serum Electrolytes in Streptozocin Induced Diabetic Rats Treated with 

Moringa Oleifera Leaf Powder. Education. 2002. 

29. Ugwu OP, Alum EU, Okon MB, Aja PM, Obeagu EI, Onyeneke EC. Anti-nutritional and 

gas chromatography-mass spectrometry (GC-MS) analysis of ethanol root extract and 

fractions of Sphenocentrum jollyanum. RPS Pharmacy and Pharmacology Reports. 

2023;2(2): rqad007. 

30. Obeagu EI, Scott GY, Amekpor F, Ugwu OP, Alum EU. Covid-19 Infection and Diabetes: 

A Current Issue. International Journal of Innovative and Applied Research. 2023;11(1):25-

30. 

31. Ugwu OP, Alum EU, Obeagu EI, Okon MB, Aja PM, Samson AO, Amusa MO, Adepoju 

AO. Effect of Ethanol leaf extract of Chromolaena odorata on lipid profile of streptozotocin 

induced diabetic wistar albino rats. IAA Journal of Biological Sciences. 2023;10(1):109-

17. 

32. Ifeanyi OE. Gestational Diabetes: Haematological Perspective. South Asian Research 

Journal of Applied Medical Sciences, 1 (2):41-42. DOI: 

10.36346/SARJAMS.2019.v01i02.003 

https://sarpublication.com/media/articles/SARJAMS_12_41-42.pdf. 

33. Ogbu IS, Odeh EJ, Ifeanyichukwu OE, Ogbu C, Ude UA, Obeagu EI. Prevalence of 

prediabetes among first degree relatives of type 2 diabetes individuals in Abakaliki, Ebonyi 

State Nigeria. Academic Journal of Health Sciences: Medicina Balear. 2023;38(2):85-8. 

https://dialnet.unirioja.es/servlet/articulo?codigo=8845439. 

34. Ifeanyi OE. An update on Diabetes Mellitus. Int. J. Curr. Res. Med. Sci. 2018;4(6):71-

81.DOI: 10.22192/ijcrms.2018.04.06.012 links/5b3b97a04585150d23f63e76/An-update-

on-Diabetes-Mellitus.pdf. 

 

 

View publication stats

https://epjournals.com/journals/EJH
https://www.academia.edu/download/38320132/NWOSU_EMMA_9.pdf
https://sarpublication.com/media/articles/SARJAMS_12_41-42.pdf
https://dialnet.unirioja.es/servlet/articulo?codigo=8845439
https://www.researchgate.net/profile/Emmanuel-Obeagu/publication/326157143_An_update_on_Diabetes_Mellitus/links/5b3b97a04585150d23f63e76/An-update-on-Diabetes-Mellitus.pdf
https://www.researchgate.net/profile/Emmanuel-Obeagu/publication/326157143_An_update_on_Diabetes_Mellitus/links/5b3b97a04585150d23f63e76/An-update-on-Diabetes-Mellitus.pdf
https://www.researchgate.net/publication/378306910

