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Abstract

Objective: To examine the association between ABO
blood groups and hypertensive disorders of pregnancy.

Material & Methods: we designed a prospective
observational study and risks of hypertensive disorders of
pregnancy including pre-eclampsia, and eclampsia were
estimated by relative risks for maternal ABO blood group.
Using blood group O as a reference, relative risk ratios of
hypertensive disorders of pregnancy( Gestational HTN+
pre-eclampsia, and eclampsia ) were obtained .A total 4953
singleton pregnant women were recruited over a period of
5 months who had ABO blood testing and follow-up care
until delivery in our institution. Outcomes that were stud-
ied in relation to maternal blood group included
preeclampsia, eclampsia & gestational HTN. The study
was duly approved by the institutional ethical committee
and appropriate consent was taken from the subjects re-
cruited before they were assigned for the study.

Result: out of 4953 women, 831 (16.77%),women were
diagnosed with Hypertensive disorders of pregnancy.
Women with A or AB blood types, but not B, were found
at increased risk of Hypertensive disorders of pregnancy
compared with O type individuals; relative risk and adjust-
ed relative risks were calculated. Blood group A was found
to be highest risk association 2.02 (95% confidence inter-
val (Cl), 1.7 to 2.38; P<0.0001) as compared to others.
Compared with blood group O, A blood type groups had
statistically significant association with hypertensive dis-
orders of pregnancy.

Conclusion: Except one and two nonspecific studies
we didn’t find any literature regarding the association of
risk of ABO phenotype with hypertensive disorders of
pregnancy. We found blood group A has the highest risks
of hypertensive disorders of pregnancy. This finding may
help improve our understanding of the etiology of Hyper-
tensive disorders of pregnancy, which can help to predict
the prognosis and decide the management guidelines.
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Introduction

The hypertensive disorders of pregnancy are the leading
cause of maternal and perinatal mortality and morbidity
internationally[1] Preeclampsia is a severe complication of
human pregnancy with overall incidence of 2-10% [2]. It
is one of the leading causes of maternal, as well as perina-
tal morbidity and mortality worldwide. Despite intensive
research efforts, the etiology and pathogenesis of
preeclampsia are not fully understood. A large number of
evidence suggests that an excessive maternal systemic in-
flammatory response to pregnancy with activation of endo-
thelial cells plays a crucial role in the pathogenesis of the
disease][ 3].

The development of preeclampsia is multifactorial &
influenced by both genetic and environmental risk fac-
tors.[4] As far as blood group as a factor is concerned, it is
exclusively and integrally heritable, genetically determined
at conception and remain fixed for life, hence its frequency
distribution follows a known pattern governed by gene
transmission from generation to generation and varies with
the race and geographical distribution of human being[5].
The ABO blood type, an easily accessible factor in pa-
tient’s genetic make-up has been associated with many
diseases[6].

Recent GWAS(Genome-Wide Association studies) have
confirmed ABO as a locus for venous thromboembolism
(VTE), myocardial infarction (MI), and multiple cardio-
vascular biomarkers. These studies have shown that carri-
ers of single nucleotide polymorphisms (SNPs) that mark
non-O blood group types have higher levels of plasma
VWF when compared to O individuals.[7] Similarly, VWF
gene is associated with the development and the severity of
preeclampsia, and may be a susceptibility factor for
preeclampsia[8] According to some studies there is an as-
sociation between the ABO blood group and DBP.[9] Von
Willebrand factor, found higher in non-O (A, B, and AB)
compared with O type individuals.[10] VWF may promote
platelet aggregation/ adhesion and atheroma leading to
endothelial dysfunction, which is known to be involved in
the pathogenesis of preeclampsia. Some inflammatory
markers, like TNF-alpha and soluble ICAM-1 are
upregulated by single nucleotide polymorphism rs651007
at the ABO locus, especially with the ‘A’ allele.[11,12] As
previously mentioned, VWF gene is associated with the
development and the severity of preeclampsia.[8] Also
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different studies support the association between the ABO
blood group system in BP variation.[9] Evidence also sug-
gest association between the ABO blood group and blood
pressure among >42,000 Belgian men.[13] Kark et al.
found there is an association between the ABO blood
group A antigen and elevated BP among Males.[14]

Above studies indicate their might be a cross talk be-
tween ABO antigen driven mechanism and mechanisms
involved in the development of hypertension in
hypercoagulable state. So we hypothesize that, is there any
relationship between maternal ABO system with develop-
ment of hypertensive disorder state of pregnancy?

Patients and method

We performed a prospective analysis of all consecutive
pregnant women who attended our antenatal clinic between
Nov 2012 and Sept 2013. A total of 4953 patients were
recruited over a period of 5 months .Inclusion criteria were
singleton pregnancies who sought their first antenatal care
at GA12 weeks, and who underwent ABO blood typing
along with other basic antenatal care laboratory investiga-
tions in our institution. Only Pts belonging to places within
100 km radius from the study area with complete address
and contact details were included.But those, who had
known underlying disease or condition that could affect the
pregnancy outcomes (i.e. chronic hypertension, overt dia-
betes, renal or collagen vascular disease, hyperthyroidism,
smoking or congenital fetal anomalies), Rh-negative blood
type and incomplete clinical data and history are excluded
from the study.

Data were collected regarding maternal age, parity, body
mass index at first visit, ABO blood group, GA at delivery,
route of delivery, neonatal birth weight and adverse preg-
nancy outcomes. ABO blood group was determined by a
standard blood group serology analysis. Proteinuria esti-
mated by using dipstick method. Blood samples were ob-
tained from all patients (1 ml from each). The samples
were tested immediately following collection. Hb,
TPC,DC, TLC, BT,CT other routine investigation like
LFT,RFT, Sr.Uric acid , Sr Na+,K+ , RBS/FBS were car-
ried out at RDC in our college.

Evaluation of hypertensive disorder of pregnancy: The
Working Group classification of hypertensive disorders
complicating pregnancy [15] was used.

Gestational hypertension

» Systolic BP >140 or diastolic BP >90 mm Hg for first
time during pregnancy

* No proteinuria

» BP returns to normal before 12 weeks postpartum

+ Final diagnosis made only postpartum

Preeclampsia

* BP >140/90 mm Hg after 20 weeks' gestation

* Proteinuria >300 mg/24 hours or >1+ dipstick

Eclampsia syndrome: Seizures that cannot be attributed
to other causes in a woman with preeclampsia Study proto-
col was approved by Institutional ethics committee for hu-
man. Informed consent was taken from each patient.
Statistical Analysis:

Due to absence of both A and B antigens, O blood type
was used as the reference group. The relative risks (RRs)
and Adjusted relative risk with 95% confidence intervals
(Cls) of the Hypertensive disorders of pregnancy in A, B
and AB blood were calculated. P-value <0.05 was consid-
ered statistically significant.

Results

We investigated a total sample of 4953 after adjusting
dropout rate to initial sample size. The population of dif-
ferent blood group types represent the national population
standard after excluding Rh negative blood types. As
shown in Table-1,0ut of total 4953 samples blood group O
represent 38% , A,B&AB represent 23%,32% &7% re-
spectively. As O blood groups are not exposed to any of
the A & B antigen that was taken as control. Incidence and
Relative risk of exposed group A,B &AB were compared
with control and intergroup comparison along with their
relative risk were calculated accordingly.

Table-1-Total sample size and patient taken

Table-1
Blood Group Sample Drop-out ad-
size at the | justed sample
start

A (Exposed gr. antigen A) 1025 1139 (23%)

B (Exposed gr. antigen B) 1426 1585 (32%)

AB(Exposed Antigen A& 312 347 (7%)
B)
O (Unexposed control) 1694 1882 (38%)
Total 4457 4953 (1009%6)

In this study we found a total number of 831 cases posi-
tive for hypertensive disorder of pregnancy. Surprisingly
we found a higher number (213/527) of Gestational hyper-
tension cases in blood group O population(Table-2). On
the contrary we found a higher incidence of preeclampsia
and eclampsia cases in A type individuals. Another study is
required to justify this association .But as opposed to above
finding the overall incidence rate of Hypertensive disorder
of pregnancy cases are highest (349/1139) in A type indi-
viduals as compared to (285/1882) O blood group popula-
tion.
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Table-2.Total no of patients in different blood group

Table-2
A B AB 0] Total
GH 156 | 124 34 213 527
Preeclampsia | 162 28 4 44 238
Eclampsia 31 7 0 28 66
Total 349 | 159 38 285 831

We calculated a total incidence per thousand of popula-
tion for the positive cases in each group. As per Table-3,
the incidence of hypertensive disorders are highest (306.4)
in A type individuals as compared to other groups. Inci-
dence among the control was found to be only 151.4.
(Chart-1)

Chart-1-Incidence among exposed and non-exposed

350
8 300
a 250
g 200
§ 150 —pm — -
£ 50 | |
0 - || ||
A+O B+0O AB+O
= Unexposed| 151.4 151.4 151.4
™ Exposed 306.4 100.3 109.5

Table-3 Incidence among different groups and RR

Table-3

Gr | Ex- | Pop- | Dis- Inci- Rela- | Confi-
oup | posu | ulati | ease | dence/ tive dence
re on de- 1000 Risk inter-
velop val
ed
A Yes | 1139 | 349 306.4 2.02 1.76-
(A) P< 2.38
No | 1882 | 285 151.4 | 0.0001
(©)
B Yes | 1585 | 159 100.3 0.66 0.55-
(B) P< 0.79
No | 1882 | 285 151.4 | 0.0001
O
AB | Yes 347 38 109.5 | 0.723 | 0.52-
(AB) P=0.04 | 0.994
61

tion of 102% of hypertensive disorders in pregnant woman
when they are exposed to A type antigen as compared to
other groups.(Table-4)

Table-4
Table-4
A B AB (0]
RR as
compared |, ) 0.693 0.723 | -
to unex-
posed
P <0.0001 P<0.0001 P=0.0461 -

We also calculated the intergroup relative risk A as
compared to B and AB before and after the adjusting the
population. We calculated the adjusted relative risk apply-
ing the incidence rate of unadjusted individual population
to adjusted population. (Table-5)

Table-5
Incidence among unadjusted population

Exposure population Total % of
group positive positive

cases cases

A+O 3021 634 20.98

B+O 3467 444 12.8

AB+O 2229 323 14.49

Incidence among adjusted population

Exposure Population Total % of
group positive positive

cases cases

A+O 2476(1238+1238) 566 22.85

B+O 2476(1238+1238) 311 12.56

AB+O 2476(1238+1238) 322 13

Population A was found to be an increased association
risk (RR=1.63,ARR=1.81) with hypertensive disorders of
pregnancy as compared to B ,also A type population has
increased association risk(RR=1.44,ARR=1.75) as com-
pared to B. We didn’t find a significant association of AB
as compared to B. (Table-6)

Table-6- Adjusted and un adjusted relative risk

Similarly relative risk was calculated for all exposed
group. We found a relative risk of 2.02 (P<0.0001,CI:
1.76-2.38) for A as compared to control. The relative risks
of B 0.66 (P<0.0001, CI: 0.55-0.79) and AB was 0.723
(P=0.0461,CI: 0.52-0.994) .1t signifies there is risk associa-

Table-6
Relative risk Unadjusted Adjusted
AtoB 1.6387(P <0.0001) | 1.81(P <0.0001)
ABtoB 1.13(P=0.06) 1.03(P=0.63)
Ato AB 1.44(P <0.0001) 1.75(P <0.0001)
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In summary the risk of association with A type individu-
al with hypertensive disorders of pregnancy is highly sig-
nificant both as compared to unexposed group(P <0.0001)
and B group population (P <0.0001).B and AB group pop-
ulation are significantly (P <0.0001) not associated with
hypertensive disorders of pregnancy as compared to unex-
posed whereas there is no significant association of AB
(P=0.06,0.63) as compared to B in both unadjusted and
adjusted group of population.

Discussion & Conclusion

We found a direct association of degree of RR with hy-
pertensive disorders of pregnancy in A blood groups. Alt-
hough we found that A blood type is significantly associat-
ed with hypertensive disorders of pregnancy; however, the
incidence of Gestational hypertension are maximum with
O blood groups whereas incidence of preeclampsia and
eclampsia are highest seen in A type individuals. Knowing
the risk of specific type blood groups with hypertensive
disorders may be clinically useful because it may play
preventive and curative role in maternal and neonatal
prognosis as well as pregnancy management.

Out of several hypotheses for the observed relationship
between ABO blood types and preeclampsia, one mecha-
nism may be due to an effect of von Willebrand factor,
which was found higher in non-O (A, B, and AB) com-
pared with O type individuals.10 Evidence suggests that
von Willebrand factor can promote platelet aggregation/
adhesion and atherosis formation leading to endothelial
dysfunction, which is known to be involved in the patho-
genesis of preeclampsia.16,17 Other mechanisms may also
get involved. But in our study, we found only an increased
risk of hypertensive disorders of pregnancy in women with
A blood types, but not B and AB type pregnancies. Some
inflammatory markers, like tumor necrosis factor-alpha
and soluble intercellular adhesion molecule 1 were identi-
fied to be upregulated at the ABO locus through polymor-
phism, especially with the A allele.11,12 As these markers
are associated with preeclampsia, 18,19 we can say this
can be one possible mechanism.

Findings from this study, support the hypothesis that
genetic factors related to the distribution of some blood
groups may play a role in the development of hypertensive
disorder of pregnancy. A significant association was found
between the ABO blood group and hypertensive disorder
of pregnancy. We observed women with A blood types
have significantly higher risk (63%-81%) of hypertensive
disorder of pregnancy as compared to ‘B’ type individuals
& 102% Increased risk as compared to O individuals.
Women with A blood types, but not B & AB, has signifi-
cantly higher risk of hypertensive disorder of pregnancy as
compared to O type individuals.

Several studies have described the associations between
particular ABO phenotypes and pregnancy complications.
In a study on British women with A blood type researchers
found 2.7 fold risk of preeclampsia compared with O type
individuals.20 Similarly other studies found an increased
risk of preeclampsia by 2.1- to 3.1-folds in Italian and
Finnish gravidas with AB blood type compared with O
type women.21,22

In our study, we found that A blood type is significantly
associated with hypertensive disorders of pregnancy; how-
ever, the incidence of Gestational hypertension are maxi-
mum with O blood groups whereas incidence of
preeclampsia and eclampsia are highest seen in A type
individuals. But the role of blood groups in hypertensive
disorders of pregnancy cannot be concluded without a
proper investigation of paternal blood group and its associ-
ation. Also we didn’t adjust the age sex and parity which
may be the potential confounders. As a preliminary study
we found a potential association which needs to be further
investigated along with the paternal blood group and the
pathogenesis mechanisms that leads to development of
Hypertensive disorders of pregnancy.
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