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ABSTRACT The World Health Organisation has determined that in the Middle East, Saudi Arabia consider as the second-
highest diabetes prevalence. ABO blood group system and Rhesus factor (Rh) previously showed an association with
diabetes; however, no study found an association between P1 antigen and type-2-diabetes mellitus (TIIDM). This study
aims to assess the association of ABO, Rh, and P1 antigens with TIIDM in Jeddah, Saudi Arabia. A case-control study,
including 150 cases and 120 controls, was phenotyped and analysed using a Chi-sguare test. B and P1 antigens were
positively associated with TIIDM (x2= 4.509, P value = 0.0337) and (y2= 4.049, P value= 0.0441), respectively. Rh
distribution was equa between both groups, with no association between Rh and TIIDM. There is no association between P1

and Rh antigen in TIIDM.

INTRODUCTION

Diabetes mellitus (DM) isa metabolic disor-
der, characterised by chronic hyperglycemia that
resultsfrom defectsin either the secretion or func-
tion of insulin, or both, and isassociated with dis-
turbance of carbohydrate, fat, and protein metabo-
lisms. It affects about 5 to 10 percent of adults
worldwide (Alberti and Zimmet 1998). It hasbeen
related to several factors, such as obesity, diet,
lack of exercise, environmental and genetic factors
that play aroleinitsgenetic expression. However,
many other factors could be associated with DM.
Theeffectsof DM includelong-term damage, dys-
function, and failure of variousorgans (Meo 2016;
Albertiand Zimmet 1998 (; Alotaibi et a. 2017).
The International Diabetes Federation (IDF) esti-
mated the globa number of DM cases to be 366
million in 2011, and numbers are expected to ex-
ceed 552t0 578 million by 2030 and 700 million by
2045 (Seeedi et d. 2019; Alotaibi et al. 2017). The
World Health Organisation (WHO) has ranked
Saudi Arabia as the second highest rate among
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Middle Eastern countriesand seventh globally for
theprevalence of DM, representing amajor public
health concern (Al Dawish and Robert 2020; Saad
Salman 2016). Theprevalenceof TIIDM in Saudi
Arabiawas32.8 percent in 2015 and 35.37 percent
in 2020, however, the predicted prevalencewill rise
t0 40.37 percent in 2025, and 45.36 percent inthe
year 2030 (Robert and Al Dawish 2020; Meo 2016).

Antigens of blood groups are hereditary de-
terminants play avita role in understanding ge-
netics and susceptibility to diseases. ABO is the
major human carbohydrate blood group system
found onthered blood cdlls surfacein additionto
other tissues. Their frequency distribution varies
among races, ethnicities, and socioeconomic
groups (Legese et d., 2020). Rhesus (Rh) blood
group system is the most polymorphic and clini-
caly sgnificantintransfusion medicineafter ABO.
It remains the leading cause of hemolytic disease
infetusesand newborns (HDFN) (Dean 2005). The
clinical importance of Rhisemphasised by the D
antigen, generdly described with apositive or neg-
aive suffix after the ABO type, which isthe most
immunogenicof al antigens(Rosenfield 1989). The
P1PK blood group system is one of the carbohy-
drate-based blood group systems (ABO, P1PK, H,
I, Lewis GLOB, and FORS) known astheABO-like
system. P1, P¥, and NOR arethe three antigensthat
comprisethe P1PK system. After the discovery of
blood groups in 1900, there has been an interest
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among researchersin finding associations between
ABO and Rh blood groups and various diseases.
(Waseemet d. 2012). TheABO and Rhblood group
antigens have been associated with increased sus-
ceptibility tovariousdiseases (Bener and Yousafzai
2014; Alanazi et d. 2018). For example, blood group
A individuals are more likely to be infected with
gastric cancer. In contrast, blood group O individ-
ualsaremorelikely to develop gastric and duode-
nal ulcersor schizophrenia(Kashfi et d. 2013), while
Rh antigen was reported to be a risk factor for
other diseases such as noise-induced hearing loss
(NIHL). Inaddition, salivary gland, colorecta, and
ovarian tumors, thyroid disorders, coronary heart
disease, and DM, especidly TIIDM, showed an
association with ABO and Rh blood group anti-
gens (Sharif et a. 2014; Klechova and Ts 1980;
Zhang et a. 2014; Montavon Sartoriuset a. 2018).
Many studies have been carried out to see if
there is a possible association between the ABO
and Rh blood groups with the development of Tl-
IDM. Thefindings could have been more consis-
tent and varied from one study to another. InItaly,
results showed an increased frequency of blood
group B among diabetics. Sudiesin Germany, Glas-
gow, and several other recent studies showed no
association between TIIDM and blood groupsin
the diabetics studied (Kashfi et al. 2013). Since
TIIDM isprevalent among children and adult Sau-
di population, predicting the risk factors of this
disease could help in its early screening and pre-
vention of complications. As aresult, this study
will analysethe associ ation between ABO/Rh and
P1 antigensand T1IDM development.
The study aimed to achieve the following ob-
jectives:
¢ Determinethe ABO/Rh blood groups of all
TIIDM and hedlthy donors
¢ Determinethe Pl antigen of al TIIDM and
healthy donors
+ Determinethe association between ABO/Rh
and P1 antigen with TIIDM development

MATERIAL AND METHODS
Sudy Design and Data Collection
A case-control study was used to assess the
association between ABO, Rh, and P1 antigens

with TIIDM development by comparing the cases
with the control group. Blood samples have been

Int J Hum Genet, 24(4): 354-360 (2024)

355

collected from the TIIDM outpatient clinic in the
International Medical Centre (IMC), Jeddah, Sau-
di Arabia, from December 2021 to February 2022.
Those patients were aready diagnosed with DM
and were under treatment. 150 patients with TI-
IDM consented to beinvolved inthisstudy, repre-
senting the cases, and 120 healthy non-diabetic
donors representing the control group.

The inclusion criteria for the study were that
the patients should be above 18 years of age, have
TIIDM, and not suffer from malignant diseasesor
other complications. The controls were randomly
selected from healthy non-diabetic donors com-
ing for blood donation at the IMC over the study
period. The patient’s history, gender, age, and
diagnosis were taken from the hospital database.

Ethical Approval

The ethical committee of IMC approved this
study, |RB registration number 2022-01-186. Re-
cruited participantswereinformed that their clini-
cal datawould be used for research purposeswith
full confidentidity. Each participant Sgned aconsent
form outlining the purpose and potential outcomes
of the study.

SampleProcessing

One 4 ml Ethylene diamine tetra acetic acid
(EDTA) tube sample was collected for ABO, Rh
blood grouping, and P1 antigen determination for
both TIIDM patientswho were coming to the hos-
pital for follow-up on diabetes management and
healthy donors who visited the blood bank for
blood donation during the study period.

ABO/RhAnNtigens

ABOand Rhblood groups' determinationwas
done using the tube technique. Forward (cell) and
reverse (plasma) grouping were carried out using
this method. The forward grouping detects the
presence or absence of A, B, and D antigens on
RBCs, while reverse grouping detects the pres-
ence or absence of Anti-A and Anti-B in the plas-
ma. In forward grouping, a drop of the patient
blood cellsisplaced inatubewith 500 ul salineas
adiluent for making 3-5 percent suspension, then
50l of the suspensionisplaced inthreetest tubes,
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adrop of each anti-A, anti-B, and anti-D isadded
separately in these tubes. These tubes are centri-
fuged (Thermo Electron Corporation) for 30 sec-
onds at 3500 RPM, and after that, they are gently
shaken to observe agglutination. D antigen needs
further stepsfor detectionif it is negative.

P1Antigen

P1 antigen wasdetermined using an 1D-gel card
test (DiaClon Anti-P1 monoclonal (6 x P1) BIO-
RAD ID card). Preparing the sample suspension
by adding 0.5ml of ID-Diluent 1 with 50 ul of whole
blood and incubation for 10 minutes at room tem-
perature (RT). After that, 10 ul or 12.5 ul of the
suspension was pipetted into each I1D-card well
and centrifuged using (BIO-RAD ID-Centrifuge
12 SllI), then read the reactions.

DataAnalyss

All datawere andysed using Microsoft Excel
and the statistical analysis was expressed in fre-
quencies and percentages. Chi-square test analy-
sesare carried out using GraphPad Prism 9.3.1 to
comparefrequenciesbetween two or more catego-
riesto determine whether any significant associa-
tion exists between the ABO, Rh, and P1 blood
group antigens with the development of TIIDM.
The P-values were reported as two-tailed. P-val-
ues of less than 0.05 were considered the cut-off
valuefor significance.

RESULTS
Digribution of Gender Among Sudy Participants

The gender distribution among TIIDM pa-
tients and healthy non-diabetic donors is shown
in (Table 1). A total of 270 participants were in-
volvedinthestudy; 184 (68%) were males, repre-
senting the majority of participants, and 86 (32%)
werefemaes Of 184 males 91 wereTIIDM, and 93
were healthy donors. Infemaesout of 86 females,
59were TIIDM, and 27 were healthy donors.

Digribution of ABO/RhAmongTIIDM Patients
and Donors

ABObloodgroups’ distributionamong TIIDM
patients included 50 percent (n=75) patientswith
“O" blood group, 27 percent (n=40) patientswith
“A” blood group, 19 percent (n=29) patientswith
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Table 1: Distribution of gender among TIIDM and
healthy donors

Gender No. of TIIDM Healthy
participants donors
N (%)
Mae 184 (68%) 91 93
Female 86 (32%) 59 27
Total 270 150 120

This table shows the gender distribution of type |1 diabetic
patients and healthy non- diabetic donors involved in this
study. Out of 150 patients, 91 were male, representing the
majority of participants, and 59 were females. While Out
of 120 donors, 93 of them were male, and 27 were females

“B” blood group, and 4 percent (n=6) patientswith
“AB” blood group. In contrast, healthy donor sam-
ples showed 56 percent (n=67) of the “O” blood
group, 26 percent (n=31) of the“ A” blood group, 10
percent (n=12) of the “B” blood group, and 8 per-
cent (n=10) are“ AB” blood group asshownin (Te-
ble2). According to the ABO blood group distribu-
tion, the“O" blood group was the most prevaent,
and the “AB” blood group was the least prevaent
among both groups. “B” blood group was signifi-
cantly morecommonin TIIDM patientsthan hedlthy
donors (19% versus 10%; P<0.05), whereas blood
group“O” wasmorecommon inthe healthy donors
group, representing 56 percent. Blood group “A”
hasasmilar distributionin both groups. Thisdistri-
bution has been tested using chi-square test analy-
sis. Only the “B” blood group showed atistical
dgnificanceat P<0.05 (u?=4.509, P value=0.0337).

Digribution of PLAntigen AmongTI1DM Patients
andDonors

The phenotyping of P1 antigen showed the
presence of P1 antigen in 75 percent (n=112) of
TIIDM patients and 63 percent (n=76) of healthy

Table 2: Digribution of ABO blood groups among T1IDM
and donors

Blood groups TIIDM N Healthy P value
(%) donorsN (%)

A 40 (27%) 31 (26%) 0.877

B 29 (19%) 12 (10%) 0.033

AB 6 (4%) 10 (8%) 0.134

e} 75 (50%) 67 (56%) 0.340

Total 150 120

Table 2 was analyzed using Chi-sguare test. Only B blood
group showed dtatistically significant at p<0.05 (2= 4.509,
p-value = 0.0337)
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donors. The remaining 25 percent (n=38) of Tl-
IDM patientsand 37 percent (n=44) of the healthy
donors' control group showed the absence of the
P1 antigen on their red blood cell membrane (Fig.
1). Chi-sguaretest results showed thereisagtatis-
tically significant differenceat p<0.05, inthe pres-
ence of P1- postive antigen in TIIDM patients
((2=4.049, p=0.0441).

Digtribution of Rh Blood GroupAmongTIIDM
Patientsand Donors

Rh blood group distribution among TI1IDM
comprised 93 percent (n=140) of patientswith Rh
positive, while the remaining 7 percent (n=10) of
them were Rh negative. 92 percent (n=110) of
healthy donorswere Rh-positive, and theremain-
ing 8 percent (n=10) were Rh-negative. Chi-square
test analysis has been done to analyse Rh blood
group distribution among the two participant
groups. Thetest showed no significanceat p <0.05
(x2=0.270, p vaue=0.603) (Table3).

Distribution of P1 antigen
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100 |

50 o

0- l
1

1
P1+ P1-
Presence of P1 antigen

. Diabetic

Control

Number of participants

Fig. 1. Distribution of P1 antigen among TIIDM and
healthy non-diabetic donors

Fig. 1. Chi-square test analysis showed a statistically
significant difference, as shown in the figure at p < 0.05, in
the presence of P1 antigen in type Il diabetic patients (+2=
4.049, p= 0.0441)

Association of Rhesus(Rh) Blood Group and P1
Antigenin TIIDM

Rh blood group distribution among TIIDM
comprised 93 percent (n=140) of patientswith Rh
positive, while the remaining 7 percent (n=10) of
them were Rh negative. Thedistribution of P1 an-
tigenamong TI1DM comprised 75 percent (n=112)
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Table 3: Distribution of Rhesus (Rh) blood group
among TIIDM and healthy non-diabetic donors

Rh grouping  TIIDMN (%) Healthy donorsN (%)
Rh Positive 140 (93%) 110 (92%)
Rh-Negative 10 (7%) 10 (8%)
Total 150 120

Table 3 shows the distribution of Rh blood groups among
type Il diabetic patients and the control group; it shows
an equd distribution between the groups: 93% vs. 92% are
Rh positive, respectively, and 7% vs. 8% are Rh negative,
respectively. The chi-square test showed no statistically
significant result is shown at p<0.05

of patients who were P1 antigen positive, and 25
percent (n=38) were P1 antigen negative. Figure2
showsthe Rhesus (Rh) blood group’s association
withthePLantigenin TIIDM. Chi-squaretest anal-
ysis showed no association between the Rh blood
group and P1 antigen in TIIDM at P<0.05. (y%=
1.332, Pvaue=10.2485).

Association between Kh and P1 antigen
in TIIDM
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Rh+ and Rh- blood group

Fig. 2. Association of Rhesus (Rh) blood group and P1
antigen in TIIDM

Fig. 2. Chi-sguare test anadysis showed no association between
the Rh blood group and P1 antigen in TIIDM at p<0.05 (+%=
1.332, p-value = 0.2485)

DISCUSSION

This study has supported that there is an as-
sociation between ABO/Rh and P1 blood group
antigenswith TIIDM development. According to
different studies, blood group B was significantly
higher among TIIDM patients than in the control
group (19 versus 10%). Bener and Yousafzai (2014)
conducted a study in Qatar and found that the
frequency of blood group B wassignificantly higher
among diabeti ¢ pati ents compared to the non-dia-
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betic population. Two other studies, one from
Malaysiaandtheother from India, revedled smilar
findings(Kamil eta. 2010; Jaggi and Yadav 2014).
In addition, another study was conducted in Paki-
stan by Qureshi and Bhatti (2003), demonstrating
an association between diabetes and ABO blood
group, with the B blood group having the highest
prevalence of diabetes.

In Hail, Saudi Arabia, a study has been con-
ducted to examine the relationship between the
inheritance of ABO blood group and Rh factors
and the devel opment of TIIDM in the male popu-
lation. The results reveaed that blood group B-
positive patients had amuch higher percentage of
diabetic patientsthan controls. In comparison, the
blood group of O-positive patients had a dightly
lower percentage among diabetic patientsthan the
control group (Farshori et al. 2016). On the other
hand, astudy conducted among the Algerian pop-
ulation found that diabetic patients had lower fre-
quencies of blood groups A and B than hedthy
populations (Ddli et a. 2011). On the contrary, a
study from Nigeria reported a strong association
between blood group A and diabetes (Okon et al.
2008). Blood group O wasmorecommonin healthy
non-diabetic donors (56%). In comparison, it was
lesscommonin TIIDM patients (50%), showing a
negative association between the O blood group
and TIIDM in this study population. However, in
other populations, blood group O has been con-
veyed as the highest blood group distribution
among diabetic patients in Irag, Japan, Pakistan,
and Algeria (Waseem et a. 2012; Jassm 2012,
Kanazawvaet a.1983; Ddli et d. 2011).

Thisstudy showed that the Rhesusfactor (Rh)
was not associated with TIIDM due to an equal
distribution of Rh- positive and Rh- negative be-
tween the two groups, and the chi-square test
shows no significant association at p-value <0.05.
Studiesin Indiaand Algeriareported similar find-
ings(Aggarwal et al. 2018; Dali et al. 2011). How-
ever, a study in Pakistan indicated that Rh- Rh-
negative blood groups and TIIDM had a signifi-
cant association (Waseem et a. 2012). Thesefind-
ingsareaso similar to theresults of Alanazi et al.
(2018), who found a gtetitically significant asso-
ciation between Rh factor and developing DM,
where more frequencies of diabetic patients are
Rh-negative. Conversdly, in 2008, researchinIran
showed that Rh-positive blood groups are posi-
tively associated with TIIDM (Al-Ali 2008). Since
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diabetesisrising rapidly in the Saudi population
and to the researchers’ knowledge, few studies
have been done to find an association between
ABO blood groups and the development of TI-
IDM in the Saudi population; the researchers de-
cided to study the association between ABO and
Rh blood groupsand P1 antigen with the devel op-
ment of TIIDM as a first study to be conducted
among Saudi population in Jeddah city.

Stistically, theresearchersfound asignificant
difference in the presence of P1 antigen between
TIIDM patientsand controls. Chi-squaretest anal-
ysisshowed that P1-positive antigen is statistical -
ly higher in TIIDM at P <0.05. Thisstudy wasthe
firgt to find this correlation in Saudi Arabia. The
association between the Rh blood group and P1
antigen in type | diabetic patients has been test-
ed, and no association was found. The possible
explanation of these conflicting results regarding
the association of ABO blood groups and P1 anti-
genwith thedevelopment of TIIDM could be due
toracia or geographical variationsthat could play
arole in the genetic expression of the disease
(Waseemet d. 2012; Daniels2002).

CONCLUSON

This study concludes that there is a positive
associ ation between the ABO blood group and P1
antigen with the development of TIIDM. Blood
group B has a positive association with TIIDM,
while blood group O has a negative association
withthedisease. Blood groupsA and AB wereequal-
ly distributed among diabetic and non-diabetic
healthy donors.

TIIDM patients have asignificant association
with P1 antigen. However, no associ ation wasfound
between the Rh factor and TIIDM development,
and there was no association between the Rh
blood group and P1 antigenin TIIDM patients.

RECOMMENDATIONS

Considering the findings in this study, large-
scaleresearch isrecommended to be doneto pro-
vide better analysis and conclusions with more
insights into the exact mechanism of association
between ABO and P1 antigens with the develop-
ment of TIIDM. Complete investigations of the
ABO-like blood group system and their associa-
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tion with the development of TIIDM are highly
recommended.

LIMITATIONS

This research was conducted only at the dia-
betic outpatient clinic of International Medical
Centre, Jeddah, Saudi Arabia. Itsfocusissolely on
patientswith TIIDM. Theclinica history, includ-
ing family history and medication, has not been
included in this study.

Although there are many factors associated
with DM, this study concentrates specifically on
the relationship between the ABO blood group
and P1 antigen.
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