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Abstract

Background

Diabetes is a chronic disease characterized by alterations in glucose, lipid, and protein metabolism, which can be identified
by detecting high blood glucose levels. In this study we evaluated the frequency of ABO/Rh blood groups in patients with
diabetes treated in Luanda, during the second half of 2020.

Methods
This was an observational, analytical, prospective study with a quantitative approach conducted with 100 patients with diabetes.

Results

The mean age of patients was 48,4+14 years old. Patients males (63%) with a mean age of 47.9+£14.5 years old, secondary
educational level (33%), and living in urbanized areas from Luanda (33%), which were the most prevalent in this studied
population. About 57% did not exercise before the disease and did not have the disease in the family (51%). About 71% of
the patients used insulin to treat diabetes. ORh+ and ARh+ blood groups were the most frequent. The majority of the patients
were less than 4 years with diabetes.

Conclusion

We concluded that the patients most affected by diabetes were the elderly, males, from urbanized areas, and with blood
groups ORh+ or ARh+. Further studies assessing the relationship between ABO/Rh blood groups and diabetes among the
Angolan population are needed.
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Introduction

Diabetes mellitus (DM) is a metabolic disorder of multiple
etiologies, characterized by chronic hyperglycemia with disorders
of carbohydrate, fat, and protein metabolism resulting from defects
in insulin secretion, insulin action, or both [1]. Pathological
processes are involved in the development of this disorder, ranging
from the destruction of pancreatic B-cells with consequent insulin
deficiency to abnormalities inducing resistance to insulin action

[2].

Approximately 15 million premature deaths per year worldwide
are attributable to noncommunicable diseases, including
cardiovascular disease and DM, more than 85% of these deaths
occur in low- and middle-income countries [3,4].

Diabetes mellitus is the most common metabolic disorder that
affects people all over the world, both in developing and developed
countries. In 2017 were estimated more than 451 million people
living with DM worldwide. These numbers are expected to
increase to 693 million by 2045 [5]. In the African region, the
average prevalence was 4.9% in 2013 [6,7]. The main human
blood group systems are ABO and Rh. The frequency distribution
of these blood groups varies markedly across different races, ethnic
and socioeconomic groups [8].

Blood group antigens are believed to be among the hereditary
determinants and play a vital role in understanding the genetics
and susceptibility to DM [9]. Since the discovery of blood
groups, there has been a great deal of interest in discovering a
possible correlation between ABO/Rh blood groups and different
pathological conditions [10]. The clinical significance of the ABO
and Rh blood group system goes beyond transfusion medicine,
several studies suggest an important involvement of ABO and
Rh blood group antigens in the development of different diseases
[11,12,13]. Including different types of tumors such as gastric
cancer, salivary gland tumors, duodenal ulcer, colorectal cancer,
thyroid disorders, ovarian tumors, coronary heart disease, and
DM, especially type 2 DM [14,15,16,17,18].

The pathophysiological mechanisms of the association between
ABO blood group phenotypes with type 2 DM and associated
factors are not well understood. However, there are a few possible
hypotheses: the first is that ABO blood groups are linked to specific
molecules related to type 2 DM. Genome-wide association studies
have shown that variants at the ABO gene loci, especially the A
and B antigens, are associated with increased levels of plasma
lipids and inflammatory markers such as intercellular adhesion
molecule 1 (ICAM-1), E-selectin, P-selectin, and tumor necrosis
factor-2 (TNF-2), These molecules are known as mediators
of inflammation that affect insulin and its receptors and have
contributed to the development of DM [19,20].

ABO blood group phenotypes are significantly associated with
type 2 DM. In this study, blood group B had a positive association
with type 2 DM, while blood group O had a negative association
with type 2 DM. However, blood groups A, AB, and Rh were not
associated with type 2 DM, this study also sought to determine the
relationship between the phenotypes of ABO and Rh blood groups
with factors associated with DM, and it was found that blood
group A is associated with increased systolic blood pressure, and
blood group B was significantly associated with decreased total
cholesterol levels [21]. Another study also showed that people of
blood group B have a greater susceptibility to DM [22] and women
with blood group AB have a low risk of developing gestational
diabetes [23].

Our previous studies have shown a strong correlation between ABO
blood groups and different diseases, one of the studies published in
2021 showed a correlation between ABO blood groups and High
Blood Pressure, blood group B and O patients were more likely
to develop High Blood Pressure respectively [24]. To date, no
study has been carried out to understand the relationship between
ABO blood groups and DM in the Angolan population, so in this
study, we evaluated the frequency of ABO and Rh blood groups in
patients with diabetes treated in Luanda, the capital city of Angola.

Methodology

Study Design and Setting

This was an analytical, prospective study, with a quantitative
approach, where the blood group (ABO System) and Rhesus factor
were determined in patients with Diabetes Mellitus treated at
Hospital do Prenda, located in Luanda, the capital city of Angola,
in the second half of 2020. The studied population consisted of
150 patients, from which a sample of 100 patients with Diabetes
Mellitus was extracted, regardless of gender and age among those
who agree to participate in the study after being informed about
the objectives and nature of the study. The study was reviewed
and approved by the Ethics Committee for Research on Human
Beings of the Instituto Superior de Ciéncias da Satide, Agostinho
Neto University (nr.198/GD/ISCISA/UAN/2020) and by the
Pedagogical and Scientific Department of Hospital do Prenda
(nr.43/DCP/HP/2020). All patients gave oral and in writing their
informed consent before being included in the study.

Data Collection and Laboratory Procedure

A questionary was used to collect demographic data (such as age,
gender, educational level, and area of residence) and clinical data
(such as treatment used and complications related to diabetes).
A whole blood sample estimated at 2 mL was collected for each
patient by the venipuncture technique and the samples were
placed in test tubes containing ethylenediaminetetraacetic acid
(EDTA). The samples were placed in three wells and the latter was
associated with anti-A, Anti-B, and Anti-D reagents (Immucor,
Portugal). Blood group determination was performed using the
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microplate technique according to the manufacturer's instructions,
which is an agglutination test between the patient's serum and the
anti-A, Anti-B, and Anti-D reagents from each well for phenotypic
identification of the blood groups (ABO and Rh).

Statistical Analysis

The data obtained in this study were analyzed using SPSS v20
(IBM SPSS Statistics, USA). Absolute and relative frequencies
were determined in the descriptive analysis. Normally data
distribution was expressed as mean and standard deviation (SD).

Results

Sociodemographic Characteristics

The results in table 1 reveal that the age group most affected
by diabetes was between 51-60 years of age, representing
26% (26/100) with a mean age of 55.842.6 years, followed by
patients aged over 60 years (24%, n=24/100) with a mean age
of 66.743.9 years, the general mean age of these patients was
48.4+14.9 years. Regarding blood groups, it was observed that
the majority were from group O (44%, n=44/100), followed by
groups A (27%, n=27/100) and B (23%, n=23/100), the negative
Rh factor accounted for only 2%. It was found that most patients
with diabetes were male, representing 63% (n=63/100), and
females representing 37% (n=37/100). As for the frequency of
blood groups, male patients in group O represented about 49.2%
(n=31/63), followed by group A (26.9%, n=17/63), group B and
AB represented 17.4% (n=11/63) and 6.3% (n=4/63), respectively,
no Rh negative factor was identified in this studied population. In
females, group O represented 35.1% (n=13/37) and 5.4% (n=2/37)
were Rh negative factors, groups A and B, represented 27% (n=
10/37) and 32.4% (n=12/37) respectively, and no female patient
was identified with group AB, and the mean age of both sexes was
48.4.

According to the origin of the patients, we observed that the
majority of the patients were from the municipality of Luanda, an

urbanized area, and the majority of the ORh+ (51.5%, n=17/33),
and two patients of the ORh- (6%, n=2/33), followed by groups
B, A, and AB represented 21.2% (n=7/33), 18.8% (n=6/33), and
3% (n =1/33), respectively. In the municipality of Kilamba Kiaxi
likewis, group O was the most frequent with 60% (n=12/20),
followed by groups A and B with 25% (n=5/20), 15% (n=3/20).
As for patients from the city of Viana, group O represented about
50% (n=6/12), followed by groups B, A, and AB representing 25%
(n=3/12), 16.6% (n=2 /12), and 8.3% (n=1/12), respectively.

The data from the same table clarified that most patients had
completed secondary educational level, representing 33%
(n=33/100), with a mean age of 40.8+15.9 years, followed by
primary education (27%, n=27/100), the mean age of 52.2+12.5
years, the illiterates represented 22% (n=22/100), with a mean
age of 55.9+ 11.0 years and only 18% (n=18/100) had completed
higher education and the average age in this group was 47.6+14.6
years. Regarding blood groups, patients with completed secondary
education were mostly from group O representing 39.3%
(n=13/33), and 6% (n=2/33) were Rh (-), followed by group A with
30% (n=10/33), groups B and AB represented 18.1% (n=6/33), and
6% (n=2/33) respectively. Primary school patients were mostly
from group O with 48.1% (n=13/27), patients from groups A, B,
and AB represented 25.9% (n=7/27), 22.2 % (n=6/27), and 3.7%
(n=1/27), respectively. We also observed that 51% (n=51/100) of
patients with diabetes have no family history, and 49% (n=49/100)
reported cases of diabetes in the family with an overall mean age
of 48.4 years. As for the blood groups of those who said they did
not have the disease in the family, 47% (24/51) were from group
O, followed by B, A, and AB representing 27.4% (n=14/51),
23.5% (n=12/51) and 1.9% (n=1/51) respectively, on the other
hand, patients with a case report of the disease in the family, the
groups with the highest frequency were O, A, B, and AB with 40%
(n=20/49), 30% (n=15/49), 18.3% (n=9/49) and 6.1% (n=3/49)
respectively.

BLOOD GROUPS

Demographic data

ARh+ ABRh+ BRh+ ORh- ORh+

Total
N (%)

Age
Mean

27(27%) 4(4%) 23(23%)2(2%)44(44%)100(100%) 48.4+14.9

Age groups

<30 44) 1(1) 6(6) 1(1) 4@4) 16(16) 24.8+4.7
31-40 4¢4) 1(1) 3(3) 0@©0) 7(7) 15(15)  35.6+3.4
41-50 4¢4) 1(1) 6(6) 0(0) 8(8) 19(19) 45.2+2.3
51-60 7(7)  1(1)  5(5) 1(1) 12(12) 26(26) 55.8+2.6
>60 88) 0(0) 3(3) 0(0) 13(13) 24(24) 66.7£3.9
Gender

Male 17(17)  4(4) 11(11) 0(0) 31(31) 63(63) 47.90+14.5
Female 10(10) 0(0) 12(12) 2(2) 13(13) 37(37) 49.20+15.2
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Residence

Belas 4¢4) 1(1)  4(4) 00) 3(3) 12(12) 45.3£14.9
Cacuaco 0(0) 0() 0(0) 0(0) 1(1) 1(1) 60.0£0.0
Cazenga 6(6) 1(1) 3(3) 0(0) 1(1) 11(11) 45.5+159
Kilamba-kiaxi 5(5) 0(0) 3(3) 0(0) 12(12) 20(20) 48.7+16.4
Talatona 2(2) 0(0) 3(3) 0(0) 3(3 8(8) 52.4+12.6
Luanda 6(6) 1(1) 7(7) 2(2) 17(17) 33(33) 47.2£16.9
Viana 2(2) 1(1) 3(3) 0(0) 6(6) 12(12) 51.9+12.9
Kwanza Sul 1(1)  0(0) 0(0) 0(0) 1(1) 2(2)  54.0+12.7
Zaire 1(1)  0(0) 0(0) 0(0) 0(0) 1(1) 54.0+0.0
Educational level

llliterate 5(B) 1(1) 5(B) 0(0) 11(11) 22(22) 559+11.0
Basic education 7(7y 1(1) 6(6) 0(0) 13(13) 27(27) 522125
High school 10(10) 2(2) 6(6) 2(2) 13(13) 33(33) 40.8+15.9
University 5() 0() 6(6) 0(0) 7(7) 18(18) 47.6+14.6
Family history

No 12(12) 1(1) 14(14) 0(0) 24 (24) 51 (51) 48.0+16.9
Yes 15(15) 3(3) 9(9) 2(2) 20(20) 49 (49) 48.8+15.7
Physical activity

No 14 (14) 2(2 10) 2(2) 29(29) 57 (57) 51.07+£16.2
Yes 13(13) 2(2 13) 0(0) 15(15) 43 (43) 44.84+14.5

Table 1. ABO/Rh Blood groups distribution according to demographic data

ABO/Rh Blood Groups and Clinical Conditions

The data show that 67% (n=67/100) of the patients had a time of
diagnosis of the disease fewer than 4 years with a mean age of
46.3+14.9 years, and the minority of patients (3%, n=3/100) had
lived with the disease more than 17 years, with an average age
of 56.3+22.0 years. Regarding blood groups, most patients with a
time of diagnosis of the disease less than 4 years were from group
O, followed by groups B, A, and AB, with 38.8% (n=26/67), 28.3%
(n=19/67), 23.8% (n=16/67), and 5.9% (n=4/67), respectively. As
for the minority who had a disease diagnosis time of more than 16
years, they were in groups O and A with 66.6% (n=2/3), and 33.3%
(n=1/3), respectively.

Regarding treatment, we observed that most patients used insulin,
representing 71% (n=71/100), with a mean age of 47.9 years,
followed by metformin 25% (n=25/100), with a mean age of 48.7.
The use of the glibenclamide 2% (n=2/100) means age 56.0 years
and insulin/metformin (2%, n=2/100) mean age 54.5 years were
the less frequent. Regarding blood groups, most of those who used
insulin were from group O representing 42.2% (n=30/71), while in
group O 1.4% (n=1/71) were Rh factor (-) groups A and B had the
same frequency of 25.5% (n=18/71), group AB represented 5.6%
(n=4/71), and patients using metformin, 48% (n=12 /25) were

from group O, followed by group A, B with 32% (n=8/25) and
12% (n=4/25) respectively. Most patients had visual complications
representing 52% (n=52/100) with a mean age of 50.2 years, and
32% (n=32/100) had no complications, with a mean age of 42.6
years, patients with renal and visual complications represented 9%
(n=9/100) with a mean age of 51.6 years, and those with only renal
complications represented 5% (n=5/100) with a mean age of 57
years. Only 2% (n=2/100) had lower limb amputations due to poor
glycemic control and late diagnosis and all were from the ORh+
blood group. The data also show visual complications mostly in
patients in group O, followed by groups A, B, and AB with 40.3%
(n=21/52), 26.9% (n=14/52), 23% (n=12/52), 7.8% (n=4/52), and
only 1.9% (n=1/52) group ORh-, respectively. Patients who did
not present any complications were also mostly from group O
with 43.7% (n=14/32), followed by groups A and B with 34.4%
(n=11/32), 18.7% (n=6/32), and only 3.1% (n=1/32) of the group
O factor Rh-. Patients with renal complications were mostly
in group O with 60% (n=3/5), followed by group B with 40%
(n=2/5). Patients with renal and visual complications were mostly
from group O with 44.4% (n=4/9), followed by groups B and A
with 33.3% (n=3/9), and 22.2% ( n=2/9), respectively. Patients
with more severe complications and amputees were of group O.
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BLOOD GROUPS Total Age

Clinical ARh+  ABRh+ BRh+ ORh- ORM* N (%) Mean
conditions 27(27%) A(4%) 23(23%) 2(2%) 44 (44%) 27(27%) 48,4+14,9
Time of

diagnosis

<4 16(16) 4(4) 19(19) 2(2) 26(26) 67(67) 46,3+149
5-8 5(6) 0(0) 3(3) 0(0) 9@  17(17) 49,0£153
9-12 0(0) 0() 1(1) 0() 6(6) 7(7) 507290
13-16 5(6) 0(0) 0(0) 0(0) 1(1) 6(6) 62,6296
>17 years 1) 000 000 0(0) 22 3(3)  56,3+22,0
Treatment

Glibenclamide 000) 0() 0@ 000 2(2) 2(2)  56,0+18,3
Insulin 18(18) 4(4) 18(18) 1(1) 30(30) 71(71) 47,9%132
Insulin/Metformin ~ 1(1)  0(0)  1(1) 0(0) 0(0) 2(2)  54,5+106
Metformin 8(8) 0(0) 4(4) 1(1) 12(12) 25(25) 48,7+147
Complications

Amputation 000) 0() 0@ 000 2(2) 2(2)  585+2,1
None (1) 0(0) 6(6) 1(1) 14(14) 32(32) 42,6145
Kidney 000) 0(0) 22 000 3@ 5(5) 57,410,
Renal and 2(2) 00 33 0(0) 4(4) 9(9)  51,6¢125
Visuals

Visuals 14(14)  4(4) 120120 1(1) 21(1) 52(52) 50,2+16,5

Table 2: ABO Blood groups according to clinical conditions

Discussion

Different study has demonstrated an association between
ABO/Rh blood groups with different pathological states,
including gastric ulcers, hepatitis B, vascular diseases, Arterial
Hypertension, abdominal aortic aneurysms, and cancer [24].
Some epidemiological studies have demonstrated the relationship
between the "ABO" blood group and the risk of type 2 DM [25].
Our results demonstrated that diabetes has a high prevalence in
patients over 50 years of age, these results corroborate a recent
study that analyzed 579 diabetic patients and showed that the
highest prevalence was between 40 - 60 years of age [26]. The
same study revealed that blood group B has the highest frequency
(42%), followed by blood group AB (23%), O (21%), and A
(11.4%), respectively, while in our study the highest frequency
was observed in blood group O (44%), followed by groups A
(27%) and B (23%) respectively [26]. Researchers from different
countries found a diverse association between ABO blood groups
and DM, this can be explained by the different distribution of blood
groups in the population of these countries and varies according to
the population [27,28]. The results of our study are in line with
different studies, some of them carried out in Pakistan [28], Algeria
[29], and Iraq [30] where it was observed that blood group O has

the highest prevalence among diabetics patients. Some studies in
the literature have shown an increase in the association of blood
group O with DM [31,32,33] but others have not [33,34]. On other
hand, our study has only two patients with Rh factor (-) and they
are both in group O, thus disagreeing with the study on the Rhesus
factor. Some studies recently published by some of our research
team members in Angola showed a great predominance of blood
group B 36.4% (36/99) in patients with Arterial Hypertension,
blood group O 56.4% (79/99) 140) in patients with chronic
kidney disease and O blood groups, followed by patients in the
ABR group in patients with Nephrotic Syndrome and Sickle Cell
Anemia [24,43,44,45].

As for sociodemographic factors, in the later stages of the
epidemiological transition, low socioeconomic status may be
associated with an increased risk of non-communicable diseases
such as diabetes mellitus, cancer, and cardiovascular disease [35].
Poverty and food insecurity may contribute to the increase in DM
prevalence in some rural African settings where DM prevalence
exceeds that in urban areas [38]. In addition to the fact that poverty
can contribute to the onset of diabetes potentially through fetal and
infant malnutrition or obesity in adulthood (39). In our study, most
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patients were from the city of Luanda (33%) and Kilamba-Kiaxi
(22%). Most patients had completed secondary school education
(33%), and different studies have shown that low socioeconomic
status, assessed mainly based on income, occupation, and
educational level, is an independent risk factor for DM [40,41, 42].
A systematic review and meta-analysis data have shown that an
increased incidence of DM is associated with low socioeconomic
status in high-, middle-, and low-income countries [42].

Family history is another associated risk factor, in our study we
observed that 49% of patients with diabetes have a family history
and regarding a healthy lifestyle with physical activity, we found
that only 43% practiced some type of physical activity of low
intensity. Our findings suggest that subjects with a family history
of DM should adopt periodic screening in order to ensure early
identification and medical assistance. A family history of type 2 DM
is recognized as a crucial non-modifiable risk factor, constituting
an easily assessed marker of the genetic predisposition underlying
DM [41]. On the other hand, unhealthy eating habits, a sedentary
lifestyle, and decreased physical activity are closely associated
with an increased risk of type 2 DM, both directly and indirectly,
through the promotion of obesity and various components of the
metabolic syndrome [42]. The time of diagnosis of DM in 67%
was less than 4 years, insulin was the main treatment and, in most
cases, the patients had visual complications, a study with the elderly
showed an average of fewer than 10 years of DM and the majority
reported visual changes, data that corroborate our results [43]. One
of the main limitations of our study is the small sample size, which
limits the clinical importance of our findings. Our results present a
picture of the distribution of ABO/Rh blood groups among patients
with diabetes. However, further studies assessing biological and
non-biological features related to predisposition to diabetes should
be carried out in the population of different settings in Angola.

Conclusion

Our results showed that the blood group O+ was the one with the
highest frequency among patients with diabetes. The age group of
51-60 years old, male, low educational level, and area of residence

were the most frequent demographic features observed in this
studied population. Moreover, most patients were diagnosed in
less than 4 years, and almost half of them have a family history
of the disease. Further studies should be carried out to deepen the
impact of ABO/Rh blood groups on DM predisposition, as well as
the molecular aspects that might be associated with the disease in
the Angolan population.
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