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            Abstract

            
               
ABO and Rh blood group systems have been associated with a number of diseases including type-2 diabetes mellitus (T2DM). Epidemiological
                  studies have inconsistently associated ABO and Rhesus (Rh) blood groups with T2DM risk. To assess the distribution of ABO
                  and Rh blood groups among type-2 diabetic subjects and to check the potential association between ABO and Rh blood groups
                  with T2DM. This small retrospective case-control study was conducted at DM WIMS Hospital, Wayanad. One-year data (from Jan-18
                  to Jan-19) of fasting, postprandial or random plasma/serum glucose, HbA1c, ABO and Rh blood groups of Non- diabetic and type
                  -2 diabetic subjects were collected from the Hospital Clinical Laboratory Medicine department. Among 280 randomly selected
                  data, 147 are non-diabetic subjects, and 133 are confirmed and known cases of type 2 diabetic mellitus. Subjects with Blood
                  group B has the highest distribution percentage among group-2 (59.39%) in comparison with group-1 (34.02%), followed by A
                  (19.55%), O (18.79%), AB (2.27%). Statistical analysis using Chi-square test among ABO and Rh blood groups between group-1
                  and group-2, showed a significant (p< 0.001) association of blood group “B +ve” and least association of blood group “O +ve”
                  with T2DM. However, the Rh Blood groups evaluation for T2DM showed no clear association, as both Rh +ve and Rh -ve were uniformly
                  distributed in the groups. The ABO and Rh blood groups may have a possible role to play in the development of T2DM. The subjects
                  with B + ve blood group are at greater risk for T2DM and O + ve blood group individuals are at lower risk for T2DM﻿.﻿
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               Introduction

            Diabetes Mellitus (DM) is a group of metabolic diseases characterized by hyperglycemia resulting from defects in insulin secretion,
               insulin action, or both. The chronic hyperglycemia of diabetes is associated with long-term damage,1

            Associations between blood type and disease have been studied since the early 1900s when researchers determined that antibodies
               and antigens are inherited. 2 Both the ABO and Rh blood groups systems have been associated with a number of diseases, but this is more likely related
               to the presence or absence of these tissue antigens throughout the body and not directly or primarily related to their presence
               on RBCs. 3 Several epidemiological studies have demonstrated the connection between ABO and Rhesus (Rh) blood groups with type-2 DM
               (T2DM) risk, 4 but the findings were inconsistent.
            

            In Wayanad, Kerala, data were lacking on the distribution of ABO and Rh blood groups among type-2 diabetic subjects and the
               possible association between blood groups and T2DM. Hence, this study was conducted to examine the same.
            

         

         
               Materials & Methods

            
                  
                  Study type and data source
                  
               

               A small retrospective case-control study was conducted at DM WIMS Hospital, Wayanad, during the period of May 2019- July 2019.
                  Institutional Research Committee approval has been taken to conduct this study. One-year data (from Jan2018 – Jan2019) of
                  fasting, postprandial or random plasma/serum glucose, HbA1c, ABO and Rh blood groups of Non- diabetic and type 2 diabetic
                  subjects were collected from the data registry of Hospital Clinical Laboratory Medicine Department. Among 280 randomly selected
                  subjects, 147 are non-diabetic subjects, and 133 are confirmed and known cases of type 2 DM.
               

            

            
                  
                  Study Design
                  
               

               
                     
                     Study Groups
                     
                  

                  
                        
                        	
                           Control Group (Group-1): consists of ABO and Rh blood groups data of 147 non-diabetic subjects (68 Males + 79 Females).
                           

                        

                        	
                           Test Group (Group-2): consists of ABO and Rh blood groups data of 133 type-2 diabetic subjects (71 Males + 62 Females).
                           

                        

                     

                  

               

               
                     
                     Diagnostic Criteria for DM
                     
                  

                  As per the guidelines of WHO9, FPG > 126 mg/dl (7.0mmol/l) or Hb A1C > 6.5% or 2-h plasma/serum glucose > 200 mg/dl (11.1mmol/l) during an OGTT or random
                     plasma/serum glucose > 200 mg/dl are labelled as diabetic subjects.
                  

               

               
                     
                     Inclusion Criteria 
                     
                  

                  Both men and women diabetic subjects with age >40 years were included in the study irrespective of the duration of diabetes,
                     drugs are taken and other complications and are age-matched with nondiabetic subjects (controls).
                  

               

               
                     
                     Statistical Evaluation
                     
                  

                  Statistical data analysis was done using Microsoft Excel worksheet, and Chi-square test was employed for correlation studies.
                     
                  

               

            

         

         
               Results

            Results of the present study are summarized in Tables 1-4 and Pie Charts 1-12.

            
                  
                  Table 1

                  Table showing distribution percentage of ABO blood groups in group 1& 2
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                                       →
                                     
                                 Groups  
                                    
                                       ↓
                                     
                              
                           

                           
                        
                        	
                              
                           
                           
                              ABO Blood Groups Distribution (%)
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           
                              A
                              
                           

                           
                        
                        	
                              
                           
                           
                              B
                              
                           

                           
                        
                        	
                              
                           
                           
                              AB
                              
                           

                           
                        
                        	
                              
                           
                           
                              O
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           Group-1 (147)

                           
                        
                        	
                              
                           
                           17.69%

                           
                        
                        	
                              
                           
                           34.02%

                           
                        
                        	
                              
                           
                           3.4%

                           
                        
                        	
                              
                           
                           44.89%

                           
                        
                     

                     
                           	
                              
                           
                           Group-2 (133)

                           
                        
                        	
                              
                           
                           19.55%

                           
                        
                        	
                              
                           
                           59.39%

                           
                        
                        	
                              
                           
                           2.27%

                           
                        
                        	
                              
                           
                           18.79%

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 2

                  Table showing distribution percentage of Rh blood groups ingroup 1 & 2
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                               Rh+
                              
                           

                           
                        
                        	
                              
                           
                           
                               Rh-
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           Group-1(147)

                           
                        
                        	
                              
                           
                            89.79%

                           
                        
                        	
                              
                           
                            10.21%

                           
                        
                     

                     
                           	
                              
                           
                           Group-2(133)

                           
                        
                        	
                              
                           
                            90.22%

                           
                        
                        	
                              
                           
                            9.78%

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 3

                  Table showing distribution percentage of both ABO & Rh blood groups in group 1 & 2
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                              Percentage
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           A+

                           
                        
                        	
                              
                           
                           24

                           
                        
                        	
                              
                           
                           16.32%

                           
                        
                        	
                              
                           
                           21

                           
                        
                        	
                              
                           
                           15.7%

                           
                        
                     

                     
                           	
                              
                           
                           B+

                           
                        
                        	
                              
                           
                           46

                           
                        
                        	
                              
                           
                           31.29%

                           
                        
                        	
                              
                           
                           78

                           
                        
                        	
                              
                           
                           58.64%

                           
                        
                     

                     
                           	
                              
                           
                           AB+

                           
                        
                        	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           3.4%

                           
                        
                        	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           2.25%

                           
                        
                     

                     
                           	
                              
                           
                           O+

                           
                        
                        	
                              
                           
                           57

                           
                        
                        	
                              
                           
                           38.77%

                           
                        
                        	
                              
                           
                           18

                           
                        
                        	
                              
                           
                           13.53%

                           
                        
                     

                     
                           	
                              
                           
                           A-

                           
                        
                        	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           1.36%

                           
                        
                        	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           3.77%

                           
                        
                     

                     
                           	
                              
                           
                           B-

                           
                        
                        	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           2.72%

                           
                        
                        	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           0.85%

                           
                        
                     

                     
                           	
                              
                           
                           AB-

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                        	
                              
                           
                           0

                           
                        
                     

                     
                           	
                              
                           
                           O-

                           
                        
                        	
                              
                           
                           9

                           
                        
                        	
                              
                           
                           6.14%

                           
                        
                        	
                              
                           
                           7

                           
                        
                        	
                              
                           
                           5.26%

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 4

                  Blood groups cross tabulation

               

               
                     
                        
                           	
                              
                           
                           

                           
                        
                        	
                              
                           
                           
                              Groups 
                              
                           

                           
                        
                        	
                              
                           
                           
                              Total 
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           
                              1 
                              
                           

                           
                        
                        	
                              
                           
                           
                              2 
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           A- 

                           
                        
                        	
                              
                           
                           Count 

                           
                        
                        	
                              
                           
                           2 

                           
                        
                        	
                              
                           
                           5 

                           
                        
                        	
                              
                           
                           7 

                           
                        
                     

                     
                           	
                              
                           
                           Expected Count 

                           
                        
                        	
                              
                           
                           3.7 

                           
                        
                        	
                              
                           
                           3.3 

                           
                        
                        	
                              
                           
                           7 

                           
                        
                     

                     
                           	
                              
                           
                           % within Blood_group 

                           
                        
                        	
                              
                           
                           28.60% 

                           
                        
                        	
                              
                           
                           71.40% 

                           
                        
                        	
                              
                           
                           100.00% 

                           
                        
                     

                     
                           	
                              
                           
                           A+ 

                           
                        
                        	
                              
                           
                           Count 

                           
                        
                        	
                              
                           
                           24 

                           
                        
                        	
                              
                           
                           21 

                           
                        
                        	
                              
                           
                           45 

                           
                        
                     

                     
                           	
                              
                           
                           Expected Count 

                           
                        
                        	
                              
                           
                           23.6 

                           
                        
                        	
                              
                           
                           21.4 

                           
                        
                        	
                              
                           
                           45 

                           
                        
                     

                     
                           	
                              
                           
                           % within Blood_group 

                           
                        
                        	
                              
                           
                           53.30% 

                           
                        
                        	
                              
                           
                           46.70% 

                           
                        
                        	
                              
                           
                           100.00% 

                           
                        
                     

                     
                           	
                              
                           
                           AB+ 

                           
                        
                        	
                              
                           
                           Count 

                           
                        
                        	
                              
                           
                           5 

                           
                        
                        	
                              
                           
                           3 

                           
                        
                        	
                              
                           
                           8 

                           
                        
                     

                     
                           	
                              
                           
                           Expected Count 

                           
                        
                        	
                              
                           
                           4.2 

                           
                        
                        	
                              
                           
                           3.8 

                           
                        
                        	
                              
                           
                           8 

                           
                        
                     

                     
                           	
                              
                           
                           % within Blood_group 

                           
                        
                        	
                              
                           
                           62.50% 

                           
                        
                        	
                              
                           
                           37.50% 

                           
                        
                        	
                              
                           
                           100.00% 

                           
                        
                     

                     
                           	
                              
                           
                           B- 

                           
                        
                        	
                              
                           
                           Count 

                           
                        
                        	
                              
                           
                           4 

                           
                        
                        	
                              
                           
                           1 

                           
                        
                        	
                              
                           
                           5 

                           
                        
                     

                     
                           	
                              
                           
                           Expected Count 

                           
                        
                        	
                              
                           
                           2.6 

                           
                        
                        	
                              
                           
                           2.4 

                           
                        
                        	
                              
                           
                           5 

                           
                        
                     

                     
                           	
                              
                           
                           % within Blood_group 

                           
                        
                        	
                              
                           
                           80.00% 

                           
                        
                        	
                              
                           
                           20.00% 

                           
                        
                        	
                              
                           
                           100.00% 

                           
                        
                     

                     
                           	
                              
                           
                           B+ 

                           
                        
                        	
                              
                           
                           Count 

                           
                        
                        	
                              
                           
                           46 

                           
                        
                        	
                              
                           
                           78 

                           
                        
                        	
                              
                           
                           124 

                           
                        
                     

                     
                           	
                              
                           
                           Expected Count 

                           
                        
                        	
                              
                           
                           65.1 

                           
                        
                        	
                              
                           
                           58.9 

                           
                        
                        	
                              
                           
                           124 

                           
                        
                     

                     
                           	
                              
                           
                           % within Blood_group 

                           
                        
                        	
                              
                           
                           37.10% 

                           
                        
                        	
                              
                           
                           62.90% 

                           
                        
                        	
                              
                           
                           100.00% 

                           
                        
                     

                     
                           	
                              
                           
                           O- 

                           
                        
                        	
                              
                           
                           Count 

                           
                        
                        	
                              
                           
                           9 

                           
                        
                        	
                              
                           
                           7 

                           
                        
                        	
                              
                           
                           16 

                           
                        
                     

                     
                           	
                              
                           
                           Expected Count 

                           
                        
                        	
                              
                           
                           8.4 

                           
                        
                        	
                              
                           
                           7.6 

                           
                        
                        	
                              
                           
                           16 

                           
                        
                     

                     
                           	
                              
                           
                           % within Blood_group 

                           
                        
                        	
                              
                           
                           56.20% 

                           
                        
                        	
                              
                           
                           43.80% 

                           
                        
                        	
                              
                           
                           100.00% 

                           
                        
                     

                     
                           	
                              
                           
                           O+ 

                           
                        
                        	
                              
                           
                           Count 

                           
                        
                        	
                              
                           
                           57 

                           
                        
                        	
                              
                           
                           18 

                           
                        
                        	
                              
                           
                           75 

                           
                        
                     

                     
                           	
                              
                           
                           Expected Count 

                           
                        
                        	
                              
                           
                           39.4 

                           
                        
                        	
                              
                           
                           35.6 

                           
                        
                        	
                              
                           
                           75 

                           
                        
                     

                     
                           	
                              
                           
                           % within Blood_group 

                           
                        
                        	
                              
                           
                           76.00% 

                           
                        
                        	
                              
                           
                           24.00% 

                           
                        
                        	
                              
                           
                           100.00% 

                           
                        
                     

                     
                           	
                              
                           
                           Total 

                           
                        
                        	
                              
                           
                           Count 

                           
                        
                        	
                              
                           
                           147 

                           
                        
                        	
                              
                           
                           133 

                           
                        
                        	
                              
                           
                           280 

                           
                        
                     

                     
                           	
                              
                           
                           Expected Count 

                           
                        
                        	
                              
                           
                           147 

                           
                        
                        	
                              
                           
                           133 

                           
                        
                        	
                              
                           
                           280 

                           
                        
                     

                     
                           	
                              
                           
                           % within Blood_group 

                           
                        
                        	
                              
                           
                           52.50% 

                           
                        
                        	
                              
                           
                           47.50% 

                           
                        
                        	
                              
                           
                           100.00% 
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                  Figure 2
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                  Figure 8
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                  Figure 9
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                  Figure 10
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                  Figure 11
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               Discussion

            ABO blood types and Rhesus (Rh) factors are genetically inherited traits and there is evidence in the literature that individuals
               with certain blood types are more prone to develop certain diseases. Many studies in recent years have shown an association
               between ABO groups with T2DM.4, 5 Several reports have evaluated the possible relationship between DM and Rh blood group; however, the populations vary and
               the findings are inconsistent. 6

            The results of the present study show that Blood group B has the highest distribution percentage among group-2 with the percentage
               of 59.39% in comparison with group-1 (34.02%), followed by A (19.55%), O(18.79%), AB(2.27%) [Refer Table-1]. Our study correlates
               with the database research studies of Meo et al. 7 observed that blood group B is associated with a high incidence of T2DM. Sandhya Sharma et al. 4 have shown that the distribution of ABO blood groups observed was in the order of B> O > A > AB in diabetic subjects. Qureshi
               & Bhatti 8 found an association between ABO blood groups and T2DM with the highest distribution of diabetic patients in blood group
               B individuals. Many of these above studies 7, 8 have also reported that blood group O has lower frequency or distribution in T2DM, and minimum association with T2DM, hence
               lesser risk for the same. This is consistent with the present study wherein, relatively lesser distribution of blood group
               O is seen in group-2 with the distribution percentage of 18.79 % whereas it has the highest distribution percentage among
               group-1 with 44.89% followed by B(34.02%), A(17.69%), AB(3.4%), suggesting that blood group O has the least risk for T2DM.
               
            

            In the present study, when ABO blood groups and Rh blood groups data are taken together and statistically analysed using Chi-square
               test among different blood groups between group-1 and group-2 (refer Table-3 & 4), we observed a significant (p< 0.001) association
               of blood group “B +ve” and least association of blood group “O +ve” with T2DM. This is in correlation with the studies of
               Fagherazzi G et al.9 where they have observed that B and A blood group individuals were at increased risk of T2DM compared with those of O group.
               The greatest increase in risk was seen for those with the B +ve group. Moinzadeh et al.10 evaluated 8126 participants, 5143 were male and 2983 were female. They observed that blood group “B +ve” was more frequent
               in diabetic patients (30.8%) compared to the control group (24.9%). Mandal B et al. 11 have found that people with O +ve blood group have the least chance of developing T2DM. Similar observations were also seen
               when the distribution of ABO and Rh blood groups in males and females were separately analysed (refer Pie charts 1-12) in
               the present study, suggesting that blood group B +ve has the highest risk for T2DM among both genders. However, when we considered
               Rh Blood groups alone for evaluating their association with T2DM, no clear association can be drawn as both Rh +ve and Rh
               -ve are uniformly distributed in both the groups (refer Table-2). But it is important to mention that Rh +ve distribution
               among both the groups is around 90% when compared to Rh -ve which is around 10%. This suggests that Rh +ve factor is more
               common in the general population as well as in type-2 diabetic subjects.
            

            The possible mechanism in the development of an association between ABO and Rh blood types and incidence of T2DM is still
               not well-defined. The recent genome-wide association studies suggest that the ABO blood group antigen enhances the general
               body inflammatory state. Single nucleotide polymorphisms at the ABO locus are linked with two serum markers of inflammation,
               TNF-α and soluble intercellular adhesion molecule. 12, 13 Increased expression of TNF-α has been associated with inflammation. 14 It is well-known that systemic inflammation is the main cause of insulin resistance and ultimately plays a role in the development
               of type 2 diabetes. 15, 16 The experimental and epidemiologic studies suggest that ABO blood groups and T2DM may be interrelated because of broad genetic
               and immunologic basis. 7 Moreover, the genetic makeup, which may lead to a link between the high association of blood group B and less association
               of blood group O with T2DM.
            

            
                  Limitations of the Study

               This is a small, retrospective study conducted in Wayanad region of Kerala. Further large-scale studies are needed to reach
                  a definite conclusion.
               

            

         

         
               Conclusion

            In conclusion, the ABO and Rh blood groups may have a possible role to play in the development of T2DM. The results of the
               present study have shown that subjects with B + ve blood group are at greater risk for T2DM and O + ve blood group individuals
               are at lower risk for T2DM. Our study suggests that subjects with blood group “B” may be closely monitored as they have an
               increased risk of T2DM. But the study on the exact mechanism of how people with certain specific blood groups will be at higher
               risk or lesser risk for T2DM is yet to be found out. Probably, large-scale studies with a molecular level approach might give
               us some insight on the molecular basis of the association of blood groups with diabetes.
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