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            Abstract

            
               
Objectives: The purpose of the present study is to know the association between antidiabetic drugs and serum B12, and minerals like calcium,
                  phosphorus, magnesium and zinc to understand their role in inflammation in type 2 diabetes mellitus. Methods: The sample size is 500 blood samples of both genders which was divided into 3 groups: A, B, and C. Group A on metformin of
                  daily dosage 500mg consisted of 200 subjects, Group B on other anti-diabetic drugs of daily dosage 2 mg consisted of 200 subjects.
                  Both groups A and B had no other complications from diabetes. Group C included controls, consisting of 100 healthy individuals
                  with no history of diabetes. Findings: When compared between two drug(metformin and sulfonylureas) groups, the percentages of Serum B12, calcium, phosphorus, magnesium
                  and zinc in both male and female groups were significantly decreased and consequently, inflammatory markers like leptin, IL-6,
                  hsCRP, TNF-α were significantly increased in metformin group rather than who were on metformin and other associated drug group.
                  Novelty: Decreased serum B12 levels in type 2 diabetes mellitus who are on metformin drug represents the potential trigger for inflammatory
                  process which leads to micro and macrovascular complications when compared to sulfonylurea drug group.
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               Introduction

            India and China are the pinnacle epicentres in Asia displaying essential rising Type 2 Diabetes Mellitus worldwide epidemics
               1, 2. Diabetes is a multifactorial disease, and metformin is the primary line of drug suggested. Metformin is an extensively used
               drug that has many effects associated with glucose metabolism and diabetes-associated complications through enhancing peripheral
               insulin sensitivity 3, 4. Physiologically, metformin reduces hepatic glucose production, but no longer all of its results may be defined through this
               mechanism, as there's growing proof of its crucial function withinside the gut. At the molecular level, the findings range
               depending at the dosage of metformin and the duration of treatment. Metformin has been proven to act through each AMP-activated
               protein kinase (AMPK)-structured and AMPK-independent mechanisms, through inhibition of mitochondrial respiration, however
               additionally possibly through inhibition of mitochondrial glycerophosphate dehydrogenase, and a mechanism related to the lysosome.
            

             Vitamins and minerals exert important implications for the risk of diabetes mellitus, as well as its progression and complications.
               The best recommendation should be to consume adequate amounts of foods that contain vitamins and minerals in sufficient quantity
               to ensure an adequate nutritional status 5. Vitamin B12 is one of the nine water-soluble vitamins that are important for the healthy functioning of the body. Vitamin
               B12 is an essential micronutrient needed for optimal hematopoietic, neurocognitive, and cardiovascular function. Because the
               effects are seen across a wide range of functions, symptoms of vitamin B12 deficiency can sometimes be very ambiguous. Intake
               of vitamin B12 begins with ingestion and then digesting it through saliva. Once in the intestine, the vitamin B12 bound to
               protein in the food is released by the acids present. B12 can bind to intrinsic factor. Once vitamin B12 is bound to Intrinsic
               factor, it is stable enough to enter the gut where it can be absorbed. Two very useful tests to differentiate between vitamin
               B12 deficiency and folate deficiency are methyl malonyl-CoA (MMA) and homocysteine ​​(hcy). The increase in levels of methyl
               malonyl CoA and homocysteine is thought to be the root cause of any symptoms that accompany a Vitamin B12 deficiency.
            

            Minerals play an important role in glucose homeostasis, so understanding the effects of vitamin and mineral deficiencies and
               the potential benefit of supplementation for the prevention and/or treatment of type 2 diabetes mellitus (DM) is relevant.
               Vitamins have antioxidant properties that protect them. B12 deficiency in diabetics has been linked to oxidative stress and
               resulting hyperhomocysteinemia. Calcium has also been studied to play an important role in insulin secretion and absorption
               of B12 in the ileum, a calcium-dependent process 6. Patients receiving metformin have diminished B12 absorption and low serum total vitamin B12 and TCII-B12 levels because
               of a calcium-dependent ileal membrane antagonism, an effect reversed with supplemental calcium.
            

            T2DM is considered an oxidative stress disease, the burden of which is amplified by micronutrient deficiencies. Many studies
               point to the role of micronutrients in delaying the harmful effects of diabetes. However, studies on the relationship between
               drugs used to treat T2DM and their effects on micronutrients are lacking. Metformin use over time has been linked to biochemical
               B12 deficiency. Routine testing of vitamin B12 levels in metformin-treated patients should be considered. At 5 years (4.3
               vs 2.3%; P =.02), low B12 (203 pg/mL) occurred more frequently in the metformin group, but not at 13 years (7.4 vs 5.4%; P
               =.12).At 5 years (19.1 vs 9.5%; P.01) and 13 years (20.3 vs 15.6%; P =.02), the metformin group had a higher prevalence of
               combined low and borderline-low B12 (298 pg/mL).Metformin use was associated with an increased risk of B12 deficiency (odds
               ratio, B12 deficiency/year metformin use, 1.13; 95% confidence interval, 1.06–1.20).Anemia prevalence was higher in the metformin
               group, but did not differ by B12 status. Neuropathy prevalence was higher in the metformin group with low B12 levels.
            

         

         
               Methodology

            This study was conducted through collaboration among the physiology department of a teaching medical institute, the medicine
               department, and the Genetics Lab. Ethical approval for this study was received 007/02/2019-/IEC/SMHC-and the study was conducted
               from March 2019 to February 2021. Based on WHO and ADA guidelines for the screening of type 2 diabetes mellitus, the plasma glucose criteria, the Fasting Plasma
               Glucose (FPG) value or the 2-h Plasma Glucose (2-h PG) value during a 75-g Oral Glucose Tolerance Test (OGTT), or A1C criteria.
               The present study recruited 500 participants between 30 and 65 years of age. Patient pool who has been recently diagnosed
               as type 2 diabetics on metformin usage for more than 12 to 18 months. The study design was divided into 3 groups: A, B, and C. Group A consisted of 200 subjects with type 2 diabetes only on metformin
               with a daily dosage of 500 mg/day, and Group B consisted of 200 subjects with type 2 diabetes who were on both metformin with
               a daily dosage of 500 mg/day and other anti-diabetic drugs of around 2 mg/day. Both groups A and B had no other complications
               from diabetes. Group C included controls, consisting of 100 healthy individuals with no history of diabetes. The study included
               type 2 diabetics on metformin for more than a year as cases and age-matched non-diabetic healthy volunteers as controls. People
               who are on vitamin B12 supplements, calcium supplements, or proton pump inhibitors No complications from liver diseases, renal
               diseases, gastrointestinal disorders, thyroid diseases, or parathyroid disorders. Strict vegetarians, alcoholics, and smokers
               were excluded. A detailed clinical history, drug history, dosage of the drug, and B12 supplementation were documented in a
               structured proforma. The blood samples were collected from the subjects via vein puncture for fasting plasma glucose, glycated
               haemoglobin (HbA1c), and serum (creatinine, Zn, and magnesium (Mg)) were determined and quantified. Whole blood samples were
               collected into EDTA-coated vacutainers for quantification of glycated haemoglobin (HbA1c), zinc, and magnesium in the blood.
               Fasting and postprandial plasma glucose were estimated using the glucose oxidase-peroxidase method. Serum magnesium was estimated
               on an automatic bioanalyzer (Beckman Coulter, Inc). 19,20 Serum zinc was quantified using an Abcam's Zinc Quantification Kit
               and absorbance was checked at 560nm. Serum calcium, phosphorus, and vitamin B12 were measured with the Chemiluminescent Microparticle
               Immuno Assay, which is a modified and advanced form of the Enzyme Linked Immuno Sorbent Assay (ELISA) technique. We ensured
               that the study complies with international ethical norms according to the Helsinki Declaration-Ethical Principles for Medical
               Research Involving Human Subjects (World Medical Association et al. 1964).
            

            
                  2.1 Estimation of inflammatory markers

               
                     
                     2.1.1.
                      Interleukin 6 (IL6)
                     
                  

                  IL6 levels were quantified in the serum of the subjects by the sandwich ELISA method. A highly specific IL-6 antibody (1:1000
                     dilution) was coated on the microtiter plate overnight at 40C. The IL-6 present in the sample (1:500 dilution) would bind
                     to the specific antibody and subsequently bind to the biotinylated anti-IL-6 secondary antibody (1:8000 dilution), later incubated
                     with Streptavidin-HRP (1:10000 dilution) solution for 60 minutes. The plate was developed by incubating with TMB Substrate
                     solution for 15 minutes and stopped by adding 1.25mM H2SO4 and the OD was read at 540nm.
                  

               

               
                     
                     2.1.2.
                      Leptin and highly sensitive C-reactive protein
                     
                  

                  Leptin and hs-CRP in the serum were measured using the standard kit (Cal Biotech) by adopting the sandwich ELISA principle.

               

               
                     
                     2.1.3.
                      Tumor necrosis factor α (TNF α)
                     
                  

                  TNF α was measured in subjects' serum using a commercial kit (Diaclone SAS), and the protocol was the same as described in
                     the section (IL-6). 
                  

                  All data were statistically analysed and expressed as mean standard deviation. The mean was analysed by one way ANOVA (with
                     a student T-test for comparison with controls). A Pearson correlation test was done to see the relationship between control
                     subjects and diabetics.
                  

               

            

         

         
               Results and Discussion

            
                  3.1 Biochemical assays

               
                     
                     Figure 1

                     A comparison of FBS, PLBS, HbA1C, calcium, phosphorus, vitamin B12, inflammatory markers (leptin, CRP), cytokines (TNF, IL6),
                        and micronutrient (zinc and magnesium) levels among Males in Metformin group, Other antidiabetic drug group and control group
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               Figure  1  represents the levels of different biomarkers in male subjects on metformin alone and with metformin and other antidiabetic
                  drugs. There is a significant increase in blood glucose levels and inflammatory biomarkers (leptin, hsCRP, TNF-, and IL6),
                  but there is also a loss of vitamin B12, zinc, and magnesium in both metformin alone and metformin combined with other diabetic
                  drugs when compared to control subjects, with metformin alone showing the least aggravated condition of vitamin B12 loss.
               

               
                     
                     Figure 2

                     A comparison of FBS, PLBS, HbA1C, calcium, phosphorus, vitamin B12, inflammatory markers (leptin, CRP), cytokines (TNF, IL6),
                        and micronutrient (zinc and magnesium) levels among Females in Metformin group, other antidiabetic drug group and control
                        group.
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               Observations made from Figure  2clearly indicate the long-term side effects of metformin alone and with metformin-other antidiabetic drugs in female subjects.
                  There is a significant rise in the blood glucose levels and inflammatory biomarkers (leptin, hsCRP, TNF-a and IL6), but there
                  is also a loss of vitB12, zinc, and magnesium in both metformin alone and metformin with other diabetic drugs in comparison
                  to the control subjects. Among them, subjects with metformin alone show a little aggravated condition of VitB12 loss, which
                  would lead to various pathies in the future due to vitB12 deficiency.
               

               
                     
                     Table 1

                     
                        The standard reference range.
                        
                     

                  

                  
                        
                           
                              	
                                 
                              
                               I

                              
                           
                           	
                                 
                              
                               FBS 

                              
                           
                           	
                                 
                              
                               < 100 mg/dl 

                              
                           
                        

                        
                              	
                                 
                              
                               II

                              
                           
                           	
                                 
                              
                               PPBS 

                              
                           
                           	
                                 
                              
                               < 180 mg/dl

                              
                           
                        

                        
                              	
                                 
                              
                               III

                              
                           
                           	
                                 
                              
                               HbA1c

                              
                           
                           	
                                 
                              
                                < 5.7% normal

                              
                           
                        

                        
                              	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               Prediabetic

                              
                           
                           	
                                 
                              
                                -5.7- 6.4% 

                              
                           
                        

                        
                              	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               Diabetic

                              
                           
                           	
                                 
                              
                                -6.5%

                              
                           
                        

                        
                              	
                                 
                              
                               IV

                              
                           
                           	
                                 
                              
                               Vitamin B12

                              
                           
                           	
                                 
                              
                                - 200 - 900 pg/ml

                              
                           
                        

                        
                              	
                                 
                              
                               V

                              
                           
                           	
                                 
                              
                               Calcium

                              
                           
                           	
                                 
                              
                                - 9.3 - 9.9 mg/dl

                              
                           
                        

                        
                              	
                                 
                              
                               VI

                              
                           
                           	
                                 
                              
                               Magnesium

                              
                           
                           	
                                 
                              
                                - 1.7-2.2 mg/dl

                              
                           
                        

                        
                              	
                                 
                              
                               VII

                              
                           
                           	
                                 
                              
                               Zinc

                              
                           
                           	
                                 
                              
                                - 75 - 125 mg/dl

                              
                           
                        

                        
                              	
                                 
                              
                               VIII

                              
                           
                           	
                                 
                              
                               Phosphorous

                              
                           
                           	
                                 
                              
                                - 2.5 - 4.5 mg/dl

                              
                           
                        

                        
                              	
                                 
                              
                               IX

                              
                           
                           	
                                 
                              
                               TNF-alpha

                              
                           
                           	
                                 
                              
                                - 177 pg/ml

                              
                           
                        

                        
                              	
                                 
                              
                               X

                              
                           
                           	
                                 
                              
                               hsCRP

                              
                           
                           	
                                 
                              
                                - 0.2 to 10mg/ml

                              
                           
                        

                        
                              	
                                 
                              
                               XI

                              
                           
                           	
                                 
                              
                               IL-6

                              
                           
                           	
                                 
                              
                                - 5.15 pg/ml

                              
                           
                        

                        
                              	
                                 
                              
                               XII

                              
                           
                           	
                                 
                              
                               Leptin

                              
                           
                           	
                                 
                              
                                - 7.3 ± 3.7ng/ml

                              
                           
                        

                     
                  

               

               
                     
                     Figure 3

                     Elucidates the comparative analysis of different biochemical parameters and inflammatory markers in male and female subjects
                        who are under metformin and metformin-other diabetic drug treatments for T2DM.
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               Figure  3  elucidates the comparative analysis of different biochemical parameters in male and female subjects who are under metformin
                  and metformin-other diabetic drug treatments for T2DM. The inflammatory marker TNF- was significantly higher in male subjects
                  on metformin alone compared to male subjects on metformin and other diabetic drugs, and similarly, the levels were significantly
                  higher in female subjects on metformin alone and other diabetic drugs.
               

               An escalating proportion of research on animals and clinical trials suggests that the key function of metformin is to decrease
                  hepatic glucose production, mainly by suppressing gluconeogenesis 7, 8. The inhibitory effects on hepatic gluconeogenesis can be due to changes in enzyme activities or suppressed hepatic uptake
                  of gluconeogenic substrates supported by research evidence. Cellular uptake of metformin is facilitated by the chief expression
                  of OCT1 (organic cation transporter 1) in the hepatocytes 

               A rational accumulation of metformin in the liver could be higher compared to other tissues, leading to high micromolar concentrations
                  in the per portal area. Research over a certain time period indicates metformin's action is targeted around the intestines, by reducing the net glucose
                  uptake and enhancing anaerobic glycolysis in enterocytes, causing an increased release of lactic acid in the liver. The molecular
                  level findings vary depending on the dosage of metformin and the duration of treatment, with some differences between acute
                  and chronic administration. Metformin has been shown to act via both AMP-activated protein kinase (AMPK)-dependent and AMPK-independent
                  mechanisms; by inhibition of mitochondrial respiration and also perhaps by inhibition of mitochondrial glycerol phosphate
                  dehydrogenase.
               

               Absorption of VitB12 is a multifactorial process and depends on factors like Haptocorrin (HC), also commonly known as the
                  R-protein secreted by the salivary glands of the oral cavity, which binds to vitamin B12, which is an intricate and necessary mechanism to protect against the acidic environment of the stomach. In this complex,
                  Haptocorrin attaches to VitB12 to create a complex, and this Haptocorrin–B12 complex passes via the pylorus to the duodenum, where HC is cleaved from the complex in the presence of pancreatic proteases.
                  Intrinsic factor (IF) is a glycoprotein secreted by parietal cells of the gastric mucosa and the IF binds to the free vitamin
                  B12 to form the VitB12–IF complex. Then, the vitamin B12 is transported to the ileum by the ileal receptor (i.e., Cubam) which comprises the Cubilin
                  and Megalin complex, and takes them up into the circulation via endocytosis-mediated absorption. Hence, as ileal vitamin B12
                  absorption is a calcium-dependent process, in our study, patients with type 2 diabetes developed a marked reduction in serum
                  vitB12 and Ca levels in patients treated with metformin alone for T2DM 9.

               Singh et al. in their studies showed T2DM patients on metformin treatment had lower levels of B12. Similar findings were reported
                  by Roy et al. that patients on metformin had a lower level of B12. According to the DPPOS study, an increased risk of B12
                  deficiency is shown to have an association with metformin. A recent study from India has shown an association between metformin use and
                  B12 levels. Similar studies by Den Elen et al on B12 deficiency in older adults with prolonged proton pump inhibitors and
                  H2 blockers have also reported hypocobalinemi. A meta-analysis was done by Chapman et al. on the B12 lowering effect of metformin, which took approximately 6 weeks to 3
                  months after commencing metformin. All these studies were in correlation with our studies showing decreased B12 levels with
                  oral anti-diabetic drug usage. We found B12 levels had significantly decreased by about 82% in the metformin group and 62%
                  in the associated anti-diabetic drug group when compared with controls 10. According to Reinstatler et al., metformin therapy is associated with a higher prevalence of biochemical B12 deficiency.
               

               Bauman et al. reported that there is a 10–30% decline in VitB12 levels in people who are on metformin due to diminished ileal
                  b12 absorption as it is a calcium-dependent process11. In our study, we included screening for calcium levels in all the groups as it has a major role in the signalling cascade
                  where it is shown to have 38% decreased levels of calcium in the metformin group, 58% in the associated antidiabetic drug
                  group, and it was normal in the control group. In our present study, we could find a widespread association between phosphorus
                  levels and different groups. A study done by Ellen et al. suggested that there was no effect on phosphorus levels in the subjects
                  who were on metformin. Anwar et al. subjects with T2DM showed higher levels of fasting blood sugars, postprandial blood sugars,
                  and glycated haemoglobin levels, which are correlated with a reduction in serum levels of zinc and magnesium, showed a significant
                  inverse correlation with glycaemic control when compared to controls 12, 13. In our study, we included screening for both serum zinc and magnesium levels in all the groups and we tried to associate
                  the levels of zinc and magnesium in the metformin group, other antidiabetic drug groups, and control group. We have also witnessed
                  that there is an association between pro inflammatory markers with the levels of FBS, HbA1C, and micronutrients in subjects
                  with metformin alone and also with other diabetic drugs 14, 15. There is upregulation of pro inflammatory markers in the metformin group when compared with the control group. Further research
                  is required to find the association between anti diabetic drugs and levels of pro inflammatory markers in T2DM 16.

            

         

         
               Conclusion

            Finally, the study has led to an important proof against the antidiabetic drugs commonly advised to Type 2 Diabetes Mellitus patients for
               controlling their blood glucose levels, but instead they are facing the inevitable consequence of being VitB12 deficient and
               its associated manifestations. As diabetes itself is a chronic inflammatory disease and diabetics on metformin have decreased
               serum B12 as a major side effect. Which itself is a potent stimulator for inflammation which leads to microvascular and macrovascular
               complications like retinopathy, nephropathy, microvascular  neuropathy, ischemic heart disease, peripheral vascular disease,
               and cerebrovascular disease due to decreased scavenging of reactive oxygen species, by increasing homocysteine induced oxidative
               stress when compared between both the drug groups, serum B12 has significantly decreased in metformin group than sulfonylurea
               group. Future large and well-designed studies on screening for vitamin B12 and minerals deficiency, and optimal supplementation
               dose among type 2 diabetic patients are warranted to help guide formulation of guidelines in diabetes clinical care.
            

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Sun, Hong, Saeedi, Pouya, Karuranga, Suvi, Pinkepank, Moritz, Ogurtsova, Katherine, Duncan, Bruce B, Stein, Caroline, Basit,
                        Abdul, Chan, Juliana C N, Mbanya, Jean Claude, Pavkov, Meda E, Ramachandaran, Ambady, Wild, Sarah H, James, Steven, Herman,
                        William H, Zhang, Ping, Bommer, Christian, Kuo, Shihchen, Boyko, Edward J & Magliano, Dianna J,   (2022). IDF Diabetes Atlas: Global, regional and country-level diabetes prevalence estimates for 2021 and projections for
                        2045. Diabetes Research and Clinical Practice, 183, 109119. 10.1016/j.diabres.2021.109119

                  

                  
                     
                        2 
                              

                     

                     Williams, R, Karuranga, S & Malanda, B,   (2020). Global and regional estimates and projections of diabetes-related health expenditure. Diabetes Research and Clinical Practice, 162, 108072. 10.1016/j.diabres.2020.108072

                  

                  
                     
                        3 
                              

                     

                     Harding, J L, Pavkov, M E, Magliano, D J, Shaw, J E & Gregg, E W,  Global Trends in Diabetes Complications. Diabetologia, 2019(1), 3–16. 10.1007/s00125-018-4711-2

                  

                  
                     
                        4 
                              

                     

                     Vacurova, E, Trnovska, J, Svoboda, P, Skop, V, Novosadova, V, Reguera, D P & Petrezselyová, S,   (2022). Mitochondrially targeted tamoxifen alleviates markers of obesity and type 2 diabetes mellitus in mice. Nature Communications, 13(1), 1866. 10.1038/s41467-022-29486

                  

                  
                     
                        5 
                              

                     

                     Shah, I U,   (2021). Association of dietary calcium, magnesium, and vitamin D with type 2 diabetes among US adults. Food Sciences and Nutrition, 2021, 9. 10.1002/fsn3.2118

                  

                  
                     
                        6 
                              

                     

                     Oh, J,   (2017). Dietary total, animal, vegetable calcium and type 2 diabetes incidence among Korean adults. Nutrition, Metabolism & Cardiovascular Diseases, 27. 10.1016/j.numecd.2017.10.005

                  

                  
                     
                        7 
                              

                     

                     Dahlén, Amelia D, Dashi, Giovanna, Maslov, Ivan, Attwood, Misty M, Jonsson, Jörgen, Trukhan, Vladimir & Schiöth, Helgi B,
                          (2022). Trends in Antidiabetic Drug Discovery: FDA Approved Drugs, New Drugs in Clinical Trials and Global Sales. Frontiers in Pharmacology, 12. 10.3389/fphar.2021.807548

                  

                  
                     
                        8 
                              

                     

                     Al-Maskari, Masoud Y, Waly, Mostafa I, Ali, Amanat, Al-Shuaibi, Yusra S & Ouhtit, Allal S,   (2012). Folate and vitamin B12 deficiency and hyperhomocysteinemia promote oxidative stress in adult type 2 diabetes. Nutrition, 28(7-8), e23–e26. 10.1016/j.nut.2012.01.005

                  

                  
                     
                        9 
                              

                     

                     Mo, Dan, Song, , Liu, Hong Mahaoming, Tian, Yan & Ren, ,   (2009). Effects of acarbose and metformin on the inflammatory state in newly diagnosed type 2 diabetes patients. Drug Design, Development and Therapy, 13, 2769–2776. 10.2147/DDDT.S208327

                  

                  
                     
                        10 
                              

                     

                     Upadhyay, Jagriti, Polyzos, Stergios A, Perakakis, Nikolaos, Thakkar, Bindiya, Paschou, Stavroula A, Katsiki, Niki, Underwood,
                        Patricia, Park, Kyung-Hee, Seufert, Jochen, Kang, Eun Seok, Sternthal, Elliot, Karagiannis, Asterios & Mantzoros, Christos
                        S,   (2018). Pharmacotherapy of type 2 diabetes: An update. Metabolism, 78, 13–42. 10.1016/j.metabol.2017.08.010

                  

                  
                     
                        11 
                              

                     

                     Bauman, W A, Shaw,  S, Jayatilleke, A, Spungen,  A M & Herbert, V,   (2000). Increased intake of calcium reverses vitamin B12 malabsorption induced by metformin. Diabetes Care, 23, 1227–1258. 10.2337/diacare.23.9.1227

                  

                  
                     
                        12 
                              

                     

                     Guerreiro, Vanessa, Maia, Isabel, Neves, João Sérgio, Salazar, Daniela, Ferreira, Maria João, Mendonça, Fernando, Silva, Maria
                        Manuel, Viana, Sara, Costa, Cláudia, Pedro, Jorge, Varela, Ana, Lau, Eva, Freitas, Paula & Carvalho, Davide,   (2021). Adequate magnesium level as an associated factor of pre-diabetes and diabetes mellitus remission in patients with
                        obesity submitted to bariatric surgery. Scientific Reports, 11(1), 21223. 10.1038/s41598-021-00584-0

                  

                  
                     
                        13 
                              

                     

                     Pasupuleti, Visweswara Rao, Arigela, Chandra Sekhar, Gan, Siew Hua, Salam, Sirajudeen Kuttulebbai Nainamohamed, Krishnan,
                        Kumara Thevan, Rahman, Nurhanan Abdul & Jeffree, Mohammad Saffree,   (2020). A Review on Oxidative Stress, Diabetic Complications, and the Roles of Honey Polyphenols. Oxidative Medicine and Cellular Longevity, 2020, 1–16. 10.1155/2020/8878172

                  

                  
                     
                        14 
                              

                     

                     He, Qinghua, Dong, Min, Pan, Qi, Wang, Xiaoxia & Guo, Lixin,   (2019). Correlation between changes in inflammatory cytokines and the combination with hypertension in patients with type
                        2 diabetes mellitus. Minerva Endocrinologica, 44(3), 252–258. 10.23736/S0391-1977.18.02822-5

                  

                  
                     
                        15 
                              

                     

                     Elimam, Hanan, Azza M Abdulla & Inas Mohamed Taha.,   (2019).  Inflammatory markers and control of type 2 diabetes mellitus. Diabetes and Metabolic Syndrome, 13, 800–804. 10.1016/j.dsx.2018.11.061

                  

                  
                     
                        16 
                              

                     

                     Yu, Lechu, Liu, Yuanyuan, Jin, Yichun, Liu, Tinghao, Wang, Wenhan, Lu, Xuemian & Zhang, Chi,   (2021). Zinc Supplementation Prevented Type 2 Diabetes-Induced Liver Injury Mediated by the Nrf2-MT Antioxidative Pathway.
                        Journal of Diabetes Research, 2021, 1–14. 10.1155/2021/6662418

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      


      
        		
          Content
        


      


    
  

