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Abstract: Diabetes mellitus is a disease of abnormal carbohydrate metabolism that are characterized by
hyperglycemia which is associated with a relative or absolute impairment in insulin secretion, along
with varying degrees of peripheral resistance to the action of insulin. Type-2 diabetes mellitus (T2DM),
which is responsible for significant morbidity and mortality is a disease of continued scientific research.
This study evaluated any association between ABO-RH blood groups among T2DM and healthy
individuals. A hospital-based comparative cross-sectional study was conducted for one year in
Department of Endocrinology, Department of Internal medicine and surgical ward of Bir Hospital,
National Academy of Medical Sciences, Kathmandu, Nepal. The study included total N=384 participants
above 20 years of age were selected, out of which 192 were normal healthy controls (non-diabetics)
and 192 participants were T2DM irrespective of glucose control, treatment and gender. Blood samples
were collected from the Patients after consent had been obtained and then ABO blood groups of all
subjects were determined and recorded by Slide Agglutination method at Hematology laboratory and
Blood bank. Data were analyzed by chi square test and the results showed that there was no significant
association among the various ABO blood groups. The data revealed that blood group B was significantly
more common among diabetic patients n=76 (39.58%) and non-diabetic n=63 (32.81%) healthy
populations whereas blood group AB was significantly less common among both populations i.e. n=48
(12.50%) in an order of B> A >0 > AB. The frequency of Rh-positive and Rh-negative blood were 95.31%
and 4.69% respectively. There was a significant difference between healthy subjects and diabetic
patients in blood group B and Rh-positive groups. Highest mean HbA1C seen in blood group A among
male (9.32) and female (7.75) along with more complications seen in blood group B but no statistical
significance achieved. Subjects with blood group “B” are at high risk while individuals with blood group
“AB” are at low risk of evolving type 2 diabetes. It is suggested that subjects with blood group “B” should
be closely monitored by physicians as these subjects have an increased risk of type 2 diabetes. Large
studies are needed to confirm these results.

Keywords: Blood groups ABO-RH, Diabetes mellitus, Association

1. INTRODUCTION

The term “diabetes” (Greek; siphon) was first coined by Araetus of Cappodocia (81-133 A.D.) and the
word “mellitus” (Latin; honey sweet) was added by Surgeon-General Thomas Willis of Britain in 1675
after rediscovering the sweetness of urine. History of this disease however goes back to more than
1500 B.C. where Egyptians described it as “too great emptying of urine”[1,2]. Diabetes mellitus refers
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to a group of common metabolic disorders that share the phenotype of hyperglycemia resulting from
defects in insulin secretion, insulin action, or both. Several distinct types of DM are caused by a complex
interaction of genetics and environmental factors [3]. The classic symptoms of untreated diabetes are
weight loss, polyuria, polydipsia and polyphagia [4]. Increasing incidence with DM worldwide, it is likely
to continue to be a leading cause of morbidity and mortality in the future. Immune mediated diabetes
or juvenile onset diabetes, which results 5-10% of those with diabetes, occur as a result of
autoimmunity against the insulin-producing beta cells, resulting in complete or near-total insulin
deficiency [5]. The diagnosis of TIDM is done by finding the evidence of autoimmunity (the presence
of anti-islets cell antibodies (ICA)-antiglutamic acid decarboxylase (GAD), anti-islet-associated protein 2
(IA2) antibodies in the blood. Thus, genetic markers are present from birth, immune markers are
detectable after the onset of the autoimmune process, whereas metabolic markers can be identified
with sensitive tests once enough beta cell damage has been occurred, but before the onset of
symptomatic hyperglycemia [6]. However various risk factors have been proposed but none of them
have been validated with precision. These factors include enterovirus infections, diet, obesity, vitamin
D deficiency, immunization and low birth weight. The clinical features are only apparent when 90% or
more of the beta cells are lost [7]. Compared to type 2 diabetes mellitus, where both decreased insulin
release (not due to an autoimmune etiology) and insulin resistance play a significant role, type 1A
diabetes has a very distinct pathophysiology. Although inflammation (e.g., interleukin-1 mediated) may
have a role inislet beta cell death in both types of diabetes, genome-wide association studies show that
type 1 and type 2 diabetes' genetic loci do not overlap [8]. HLA-DQalpha, HLA-DQbeta, HLA-DR,
preproinsulin, the PTPN22 gene, CTLA-4, interferon-induced helicase, IL2 receptor (CD25), a lectin-like
gene (KIAAOO35), ERBB3e, and an undefined gene at 12q are among the genes whose polymorphisms
are known to affect the risk of type 1A diabetes [9,10]. The relationships were validated by a meta-
analysis of information from genome-wide association studies, which also discovered four additional
risk loci (BACH2, PRKCQ, CTSH, and C1QTNF6) linked to an elevated risk of type 1 diabetes [11].Islet cell
autoantibodies (ICAs) were initially found in the blood of autoimmune polyendocrine insufficiency
patients; they have now been found in 85% of people with newly diagnosed type 1 diabetes and in pre-
diabetic participants. Autoantibodies can be found using radioassays because they react with particular
islet autoantigens [12,13]. In a study of 892 children with diabetes and 2291 healthy children in Europe,
certain pregnancy-related and perinatal variables were linked to a slight increase in the risk of type 1
diabetes. Preeclampsia, infant respiratory illness, maternal age >25 years, and jaundice, particularly
those caused by ABO blood group incompatibility; protective factors were low birth weight and short
birth length. One cohort analysis discovered a weak but substantial direct link between type 1 diabetes
risk and birth weight [14,15]. Type 2 DM is a heterogeneous group of disorders characterized by variable
degrees of insulin resistance, impaired insulin secretion, and increased hepatic glucose production.
Hyperglycemia, insulin resistance, and a relative impairment in insulin production are the hallmarks of
type 2 diabetes mellitus. Although type 2 diabetes is a heterogeneous disease with patients suffering
varied levels of impaired insulin production and insulin action, the diagnostic criteria for the disease
rely exclusively on measures of raised glycemia without clear understanding of the underlying
pathophysiology (insulin resistance)[16]. The burden of type 2 diabetes mellitus (T2DM) is increasing
worldwide and raising concern in which pathophysiologic mechanisms for the association between
ABO-RH blood group with T2DM and its associated factors are still not well understood [17]. Increasing
trend result fast epidemic in some countries of the world leading to number of people affected leading
to double in the next decade which is due to increase in ageing factor especially in poorly developed
countries[18]. Among all the major types of diabetes, T2DM is far more common which cover more
than 90% of all cases than either type 1 diabetes mellitus (TIDM) or gestational diabetes [19]. Type 2
DM is caused mainly due to lifestyle factors (physical inactivity, sedentary lifestyle, cigarette smoking
and generous consumption of alcohol ) and genetic. Over the past ten years, there has been an alarming
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increase in the prevalence of type 2 diabetes, which is largely attributed to the obesity and sedentary
lifestyle trends [20]. Type 2 diabetes has a complex etiology [21], typically, patients have both insulin
resistance in variable degrees and faulty insulin production (beta cell dysfunction), neither of which are
frequently assessed in the clinical setting. Both factors have a role in type 2 diabetes, with increased
insulin action demand caused by insulin resistance predominantly "environmental" variables associated
with overeating, sedentary behavior, and the accompanying overweight and obesity are the primary
causes with aging and genetics playing a less significant role and inadequate insulin secretion [22,23].
Thus, GDM provides a distinctive opportunity to study the early pathogenesis of diabetes and also to
develop interventions regarding prevention the disease. Study of blood groups, mainly ABO and Rh
systems has been given high priority because of its medical importance [25]. Many researchers have
made attempts to determine the significance of particular ABO phenotypes for susceptibility to disease.
However, along with their expression on RBCs, ABO antigens are also highly expressed on the surface
on a variety of human cells and tissues, including the epithelium, sensory neurons, platelets, and the
vascular endothelium [26]. ABO antigens are also expressed on vascular endothelium and through
unclear mechanisms, associated with levels of the procoagulant proteins factor VIII (FVIII) and von
Willebrand factor (VWF) and markers of endothelial function such as p-selectin and soluble intracellular
adhesion molecule [27] and is the most studied group in the human population out of more than 100
blood group systems involving over 500 antigens [28]. Diabetes is a complex, chronic iliness requiring
continuous medical care with multi factorial risk reduction strategies beyond glycemic control, seen
both in the developed and the developing countries but the rate of increase is significantly higher in
developing world. According to World Health Organization (WHO), 422 million people have diabetes
mellitus (DM) worldwide and the number is increasing from an estimated 30 million cases in 1985 to
382 million in 2013. If such trend continues, more than half a billion population of the world will be
diabetic by 2035[29].

2. MATERIALS & METHODS

Hospital based comparative cross sectional prospective observational study design Bir Hospital, NAMS,
Kathmandu, Nepal. The hospital is one of the largest tertiary centre of Nepal and has Data from FY
2074/75 showed out of 11600 inpatients, 344(2.90%) were type 2 diabetic mellitus.In FY2075/76
showed out of 12605 inpatients, 305(2.41%) were type 2 diabetic mellitus. In FY 2076/77 showed out
of 10562 inpatients, 297(2.81%) were type 2 diabetic mellitus. Patients with type-2 DM patients
admitted under Department of Endocrinology, Department of Internal medicine and Department of
General Surgery of Bir hospital, NAMS, Kathmandu, Nepal. Study period is one year, sample size
calculated using for comparison between two groups:

Here, n=2 (Zp + Za)* * (1-P)/(P1-P2)?
where,

n= total sample size

P, =Proportion of the B blood group among healthy controls i.e. 18.9%
P, = Proportions of the B blood group among T2DM patients i.e. 33%>°
Zg= power at 80% i.e. 0.842 (from Z table)

Zq = level of significance at 95% i.e. 1.96 (from Z table)

P.-P,= difference in proportion of events in two groups

P = pooled prevalence = P1-P,/2

Total sample size calculated 306 (153 participants in each group), after adjusting 10% non repsone rate,
finale sample size N=384 (192 participants in each groups). A total of 384 subjects taken in this study
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with 192 making up the test group (diabetics) and 192 (non-diabetics) as control. All patients with T2DM
visiting OPD and admitted in endocrinology Internal medicine and surgical ward in Bir Hospital under
the inclusion criteria and not falling under the exclusion criteria taken. ABO-Rh blood grouping done by
Slide agglutination test (In labs, around 2 to 3 ml of blood was drawn from the peripheral veins and
collected in EDTA vial. ABO slide agglutination test was carried out to determine blood groups of
patients using anti A, B and D vials (IgG + IgM). Slide agglutination test is used for ABO RH typing.Fasting
blood sugar and prandial sugar is checked by ERBA Manheim XL SysPack -Trinder method By ERBA
Manheim XL SysPack - particle enhanced immunoturbidimetric test .HbA1C determined directly
without measurement of total hemoglobin. Following the ethical clearance from the Institutional
Review Board (IRB) of the NAMS, patient explained about the purpose of the study and methods to be
used. Informed written consent taken, every precaution taken to maintain the privacy of the patient as
possible. Data collected using structured Porforma containing the demographic details of the study
population meeting the inclusion criteria. The investigation (blood grouping and Rh typing) required for
my study which were already sent by respective consultant filled in predesigned proforma sheet. The
first blood group antigen system, recognized in 1900, was ABO, The major blood groups of this system
are A, B, AB, and O. O type RBCs lack A or B antigens. The genes that determine the A and B phenotypes
are found on chromosome 9p and are expressed in a Mendelian codominant manner. The Rh antigens
are found on a 30- to 32-kDa RBC membrane protein that has no defined function. The presence of the
D antigen confers Rh “positivity,” while persons who lack the D antigen are Rh negative. The D antigen
is a potent alloantigen. About 15% of individuals lack this antigen, data collected for T2DM as well as
controls checked for completeness, cleaned, arranged, and categorized manually. Data entered in and
analyzed using statistical software IBM-SPSS (Statistical Package for Social Sciences) version 24.0.
Descriptive analysis performed for each variable. Frequency and percentage computed for categorical
variable. In Bivariate analysis, chi square test employed to identify the one-to-one relationship between
predictors and outcome variables. Independent sample t-test used for continuous variables. To
adjusting confounding variables, binary logistic regression used to identify the relationship between
predictors and outcome variables. The P-value < 0.05 considered as statistically significant.

3. RESULTS & DISCUSSIONS

Table 01 showed distribution of ABO blood group in T2DM and healthy population by gender. Out of
total 384 participants equal in each groupi.e. 192 T2DM and 192 healthy population, highest participant
were male (n=98) with blood group B (n=42, 42.86%) involving T2DM in order of B> O > A >AB whereas
highest participants were female (n=158) in healthy population with similar blood group B (n=50,
31.65%) in order of B > A > O > AB. There was no significant association among blood groups in both
genders i.e. male (p-value 0.897) and female (p-value 0.577).

Table 01: Distribution of ABO blood group inT2 diabetics and healthy individual by gender

BLOOD Male p-value | Female p-value
GROUPS Healthy Diabetic Healthy Diabetic

individual individual individual individual(n=94)

(n=34) (n=98) (n=158)
A 9 (26.47) 20(20.41) | 0897 |46(29.11) | 26(27.66) 0.577
B 13 (38.24) 42 (42.86) 50 (31.65) 34 (36.17)
AB 4 (11.76) 11(11.22) 24 (15.19) 9(9.57)
0 8(23.53) 25 (25.51) 38 (24.05) | 25(26.60)
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Figure 01: Distribution of ABO blood groups among T2DM patients

Figure 01 showed distribution of ABO blood groups among T2DM patients where blood group B
comprised maximum percentage 40% followed by blood group O (26%), blood group A (24%) and least
as blood group AB (10%) respectively. Table 02 showed distribution of ABO blood groups among T2DM
and healthy population. In diabetic population (n=192), blood group B (n=76, 39.58%) were the highest
in number followed by blood group O (n=50, 26.04%), blood group A (n=46, 23.96%) and blood group
AB (N=20, 10.42%) respectively where as in healthy population, blood group B is highest (n=63,32.81%)
similar as T2DM followed by blood group A (n=55, 28.65%), blood group O (n=46, 23.96%) and blood
group AB (28, 14.58%) respectively. However, there was no significant association among the various
ABO blood groups as shown in table below.

Table 02: Distribution of ABO blood groups among T2DM and healthy individuals

Blood groups

® Healthy population Diabetic population

Blood group Total Healthy individual | Diabetic individual | Chi P-value!
(N=384) (n=192) (n=192) square
N (%) n (%) n (%) test
A 101 (26.30) 55 (28.65) 46 (23.96) 3.51 0.318
B 139 (36.20) 63 (32.81) 76 (39.58)
AB 48 (12.50) 28 (14.58) 20 (10.42)
0 96 (25.00) 46 (23.96) 50 (26.04)
60 5446 54.68 RIIEES 208
50 45.54 45.32 1167
= 40
§ 30
20
10
0
A B AB 0]

Figure 02: Distribution of ABO blood groups among T2DM and healthy individual
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Figure 02 showed distribution of ABO blood groups among T2DM and healthy population in bar diagram

Percent

B RH +ve

M RH -ve

Figure 03: Distribution of RH blood groups among T2DM patients

Figure 03 showed distribution of rhesus blood groups among T2DM patients where the maximum
percentage 98% among RH +ve group of patients.

Table 03: Distribution of RH blood groups among T2DM and healthy individual

Blood group Total Healthy individual | Diabetic Chi  square | P-value
individual test
N (%) n (%) n (%)
RH +ve 366 (95.31) 178 (92.71) 188 (97.92) 5.82 0.016*
RH —ve 18 (4.69) 14 (7.29) 4 (2.08)

Table 03 showed distribution of rhesus blood groups among T2DM and healthy population. Maximum
number of T2DM patients were RH+ (n=188, 97.92%) followed by RH- (n=4, 2.08%) where as maximum
number of healthy populations were also RH+ (n=178, 92.71%) followed by RH- (n=14, 7.29%)
respectively with significant association (P value < 0.05) between RH+ and RH- blood group.

Table 04: Relationship of ABO blood group and HbA1c level.

Blood groups HbAlc
Male Female
Mean (SD) Mean (SD)
9.32 (2.03) 7.75 (2.18)
B 8.38 (1.39) 8.50 (1.73)
AB 7.73 (0.81) 7.94 (1.90)
0 7.98 (1.10) 8.13 (1.54)

Table 04 showed relationship of ABO blood group and HbAlc level. Blood group A has highest mean
value (9.32+2.03) in male participants followed by blood group B, O and AB where as blood group B

has highest mean value (8.50+1.73) in female participants followed by blood group O, AB and A
respectively.
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Table 05: Distribution of ABO blood groups by HbAlc among T2DM

Blood groups Mean Standard deviation
A 8.43 2.24
B 8.43 1.54
AB 7.83 1.37
@] 8.06 1.33

Table 05 showed distribution of ABO blood group by HbAlc among T2DM patients and data showed
blood group A and B have got similar mean value with 8.43 followed by blood group O and AB.

Table 06: Distribution of ABO blood group in diabetic population by complications

BLOOD GROUPS Complications Chi square test p-value!
Yes (%) No (%)
12 (25.53) 34 (23.45) 0.748 0.862

B 20 (42.55) 56 (38.62)

AB 5 (10.64) 15 (10.34)

0 10 (21.28) 40 (27.59)

Table 06 showed distribution of ABO blood group in T2DM participants on the basis of complication in
T2DM. Greater percentage of complication was seen in patient with blood group B (n=20, 42.55%)
(n=10, 21.28%) and AB (n=5, 10.64%) with no significant
association seen between blood group with or without complications.

followed by blood group A (n=12, 25.53%), O

Table 07: Distribution of ABO blood group in diabetic population by drugs

BLOOD GROUPS Drugs Chi square test p-value
OHA Insulin
n (%) n (%)
A 8 (24.05) 8 (23.53) 0.927 0.819
B 64 (40.51) 12 (35.29)
AB 5(9.49) 5(14.71)
0 1(25.95) 9 (26.47)

Table 07 showed distribution of ABO blood groups in T2DM patient on the basis of drug used. Most
patient of blood group B are on oral hypoglyceamic agents (n=64, 40.51%) and very few patients are
on insulin therapy (n=12, 35.29%) followed by blood group O, A and AB which is similar to insulin
therapy as well with no significant association between drugs and diabetes mellitus seen.

4. DISCUSSION

DM is a chronic, metabolic endocrinal disorder which is responsible for significant morbidity and
mortality [30]. In the past, large number of studies about association between chronic and metabolic
diseases with ABO and RH blood groups had been carried out. DM (especially T2DM) is affected by
many environmental factors but it has also a hereditary character [31]. Whether DM have also
association with ABO and RH blood groups have been a subject of interest for long time. ABO phenotype
has been linked to a number of diseases' susceptibilities. For instance, it is discovered that gastric cancer
is higher typical for blood group A, whereas duodenal and gastric ulcers or Schizophrenia is more
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prevalent among people with blood type O [32]. This study was conducted in Bir hospital, NAMS,
Kathmandu, Nepal in which total of 384 subjects was enrolled with 192 making up the test group
(diabetics) and 192 (non-diabetics) as control. All patients with T2DM visiting OPD and admitted in
endocrinology Internal medicine and surgical ward under the inclusion criteria and not falling under the
exclusion criteria were taken in a study period of 12 months. The blood groups of all patient were
documented. This study was a comparative cross sectional study about the association between ABO
and RH blood groups with type-2 diabetes mellitus. This study demonstrated that the frequency of
blood group B (n=76, 39.58%) was significantly higher among type 2 diabetes mellitus patients with
even similar blood group B (n=63, 32.81%) among healthy populations followed by blood group O, A
and AB. Study done in TUTH, the oldest health institution of Nepal, reported that blood group O to be
the most common blood group [33]. Despite the commonest blood group, it was not the most common
blood group in the diabetic population in this study. It also found a negative association between blood
groups A and O, and concluded that that those blood groups had lesser chance of DM [34,35]. Similar
study conducted from Pakistan did a descriptive cross-sectional study from January 2001 to December
2001 in the department of anatomy in collaboration with clinical pathology laboratory and outpatient
diabetic clinics, Isra university, Hyderabad and department of physiology, university of Sindh and
outpatients of Liaquat university of medicine and health Sciences, Hyderabad, Pakistan in a 490 T2DM
patients and reported that frequency of blood group B was significantly higher whereas group O was
significantly lower. A case control study also reported similar observation of higher frequency and
interrelationship of blood group B among diabetic patients and the findings are consistent to this study
and altered in the study done prospective cohort study showed blood group A with increased risk of
diabetes mellitus. In the population of Pakistan, it was reported that blood group O has the highest
distribution among diabetics. But a negative association was found between diabetes and blood group
O in the study population, showing Blood group O was significantly less common in diabetic patients
(38.5%), while it was higher in non-diabetics (44.5%). Another study conducted in India at the
endocrinology department of the medical college and hospital in Kolkata discovered a higher relative
risk for diabetic individuals with blood types AB, A, and B [36]. Studies regarding the association
between ABO blood groups and type 2 diabetes mellitus are inconclusive. Some of the studies showed
an association [37] while few studies showed evidence against presence of any association existing
between ABO blood groups and type 2 diabetes mellitus [38]. This study showed patients having blood
group B are more likely to have type 2 diabetes mellitus whereas blood group AB are less likely to have
diabetes. Blood group B was strongly associated with incidence of T2DM in the study done in the
department of physiology, surgery and medicine in King Saud university in Riyad, Saudi Arabia [39]. They
also found out low association with blood group O which contradicted this study where blood group AB
was the lowest in prevalence [40]. Another study done in Saudi Arabia did not find any association with
Rhesus group and diabetes, unlike this study. Disparities might be due to different nature of the study
carried out in the different types of races. Although there is considerable controversy about whether
HbAlc is appropriate for diagnosis of (type 2) diabetes in which there occur slower with a more gradual
increase in glucose levels over time. A continuum exists from health through to diabetes, from low risk
through to high risk of complications, it is now explicitly accepted in many countries as a diagnostic test
and for monitoring. The issue of day-to-day variability in glucose readings can be avoided with the use
of HbAlc, and more crucially, it eliminates the requirement that the patient fast and make prior meal
preparations [41]. In our study blood group B with type 2 diabetes mellitus was found to be more
associated with complications followed by blood group A, O and AB respectively but with no significant
association seen between blood group with or without complications which was supported by previous
study on Punjabi population in Selangor, Malaysia showed Blood groups O and A were less likely to
become obese than blood groups B and Rh positive, but blood groups AB were less likely to become
obese [42,43].
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5. CONCLUSIONS

In this study 384 participants were involved in which 192 were type 2 diabetic patients (cases) whereas
192 were healthy population (control) irrespective of their blood glucose level or anti-diabetic
medications were enrolled and subjected to blood tests for ABO-RH blood grouping. A comparative
cross-sectional study about the association of ABO-RH blood group with T2DM was done. Although the
studies from Nepal showed blood group O to be the most common and blood group AB to be the least
common blood groups, the most common blood group in diabetic patients in this study was blood group
B with highest male participants followed by blood group O, A and AB respectively. However, there was
no significant association among the various ABO blood groups Similarly, RH positive was most common
among diabetic patients i.e. 98% RH positive and 2% RH negative with significant association (P value <
0.05) between RH+ and RH- blood group. HbAlc among T2DM patients showed blood group A and B
have got similar mean value with whereas on the basis of complications blood group group B have
highest with no significant association seen between blood group with or without complications and
patient are most on oral hypoglycaemic agent than insulin. Despite numerous studies addressing this
issue, it is still unclear how ABO blood types relate to diabetes mellitus. The processes by which either
the A or B antigens could alter the risk of DM have not been satisfactorily explained by any study. To
solve this issue, more study is required. Based on the findings of the this study, it has been proposed
that blood group B positive people in the areas need to pay special attention to T2DM because they are
highly susceptible to the disease. People of other blood groups also need to pay special attention
because they have high chances of developing complications from the disease.
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