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ABO blood group system and occurrence of
ischemic stroke

Sistema ABO de grupos sanguineos e ocorréncia de acidente vascular cerebral isquémico

Rafaella Chiodini LOTZ', Carolina da Silveira WELTER', Silvia Aparecida RAMOS’, Leslie Ecker FERREIRA™?,
Norberto Luiz CABRAL"23% Paulo Henrique Condeixa de FRANCA™2

ABSTRACT

Background: Ischemic stroke (IS) is a multifactorial disease that presents high rates of morbimortality in Brazil. Several studies proved
that there is a link between the ABO blood group system and the occurrence of thrombotic events. Nonetheless, its association with IS is
not well established. Objective: For that reason, the purpose hereof was to investigate the relation between the ABO blood groups and the
occurrence of IS in a Brazilian cohort of cerebrovascular diseases. Methods: Five hundred and twenty-nine subjects were included over
12 months, from which 275 presented an IS episode and 254 composed the control group. Blood samples were drawn for direct and reverse
serotyping. The control and IS groups were compared regarding the traditional risk factors and the distribution of the ABO blood groups.
Results: The IS group presented a higher prevalence of systemic arterial hypertension (SAH), diabetes mellitus, smoking habits, family
history, cardiopathy, and sedentary lifestyle in comparison with the control group. The AB blood type prevailed among the patients (5.1 vs.
1.6%; p<0.05) and this group had more SAH cases in comparison with the O type group (92.9 vs. 67.3%; p<0.05). Conclusions: Our results
suggest that the occurrence of IS is more frequent among patients of the AB blood type.
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RESUMO

Antecedentes: O acidente vascular cerebral isquémico (AVCI) é uma doenca multifatorial que apresenta altas taxas de morbimortalidade
no Brasil. Varios estudos provaram que existe uma ligacao entre o sistema ABO de grupos sanguineos e a ocorréncia de eventos
tromboticos. No entanto, sua associacdo com AVCI nao esta bem estabelecida. Objetivo: Por essa razao, o objetivo deste trabalho foi
investigar a relacao entre os grupos sanguineos ABO e a ocorréncia de AVClI em uma coorte brasileira de doencas cerebrovasculares.
Métodos: Ao longo de 12 meses foram incluidos 529 individuos, dos quais 275 apresentaram um episodio de AVCl e 254 compuseram o
grupo controle. Amostras de sangue foram coletadas para sorotipagem direta e reversa. Os grupos controle e AVC| foram comparados
em relacao aos fatores de risco tradicionais e a distribuicao dos grupos sanguineos ABO. Resultados: O grupo AVCI apresentou maior
prevaléncia de hipertensao arterial sistémica (HAS), diabetes mellitus, tabagismo, historia familiar, cardiopatia e estilo de vida sedentario
em comparacdo ao grupo controle. O tipo sanguineo AB prevaleceu entre os pacientes (5,1 vs. 1,6%; p<0,05) e apresentou mais casos
de HAS em comparacao ao tipo O (92,9 vs. 67,3%; p<0,05). Conclusdes: Nossos resultados sugerem que a ocorréncia de AVCI é mais
frequente entre os pacientes do tipo sanguineo AB.
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INTRODUCTION

Stroke is a common pathological condition caused
by changes in blood flow to the brain. It is responsible for
high morbidity and mortality rates, resulting in at least
5 million deaths and more than 15 million non-fatal cases
per year. It can be ischemic- or hemorrhagic in origin.
Hemorrhagic cases are due to rupture of a cerebral blood ves-
sel, whereas ischemic cases are due to obstruction of a vessel
by thrombosis or embolism"**.

Ischemic stroke (IS) is the most frequent type in Brazil".
It is considered a complex disorder caused by a combina-
tion of influences of several genes and environmental fac-
tors®. The risk factors related to the disease can be divided
into modifiable and non-modifiable’. Non-modifiable fac-
tors include age, gender, ethnicity and heredity. On the other
hand, modifiable factors include systemic arterial hyperten-
sion (SAH), smoking habits, atrial fibrillation (AF), dyslipid-
emias, sedentary lifestyle, and heart disease’.

The ABO system is considered the most important blood
group system. It is well established that blood type inter-
feres with the hemostasis because it affects factor VIII and
the Von Willebrand factor (VWF). Subjects of blood group
O have lower levels of VWF and factor VIII than subjects of
non-O blood groups (A, B, and AB). Approximately 70% of the
variation in the plasmatic levels of the VWF and VIII factors
is determined by genetics, with 30% of the genetic variation
attributable to the subject’s blood type. Remarkably, VWF
levels are 25% higher in subjects of the non-O blood group’.

Besides the relation of the ABO system with blood trans-
fusions compatibility, studies link this system with cardiovas-
cular diseases. The association between non-O blood groups
and the risk of developing venous thromboembolism (VTE)
is well established. Spiezia et al. reported in their case con-
trol study that subjects of the non-O blood groups had a 2.2
times higher risk of developing VTE than O-group subjects.
Nevertheless, the link with arterial thrombotic events, such
as myocardial infarction and IS was not well established'!.

Sabino et al. investigated the frequency of ABO blood
group polymorphisms and its association with IS and
peripheral arterial diseases. The resulting data suggest a role
of the non-0O blood type in the pathogenesis of thrombotic
events and a probable protective effect of the O blood type
regarding the occurrence of IS*. Williams et al. inferred that
the variants of the ABO gene are associated with cardio-
embolic stroke and large vessel stroke, but not with small
vessels stroke'. In China, preliminary results from a case
control study support the evidence that single nucleotide
polymorphisms in the ABO gene may contribute to suscep-
tibility to atherothrombotic IS, without a significant asso-
ciation with lacunar IS". Additionally, Zakai et al. inferred
that the AB blood type was linked to an increased ICVA risk,
and 60% of such association was mediated by the levels of
factor VIII®.

In this sense, the purpose hereof was to investigate the
association between the ABO blood type and the occurrence
of IS in the JOINVASC cohort.

METHODS

This case control study was originated from the
JOINVASC cohort — Population-based Epidemiological Study
in Cerebrovascular Diseases in Joinville. During one year,
patients that had an IS episode and control subjects (people
that never had a stroke episode, also residents of the city of
Joinville, Santa Catarina, Brazil), whose age was equal or above
18 years, were included in the study. To classify the IS subtypes,
we employed the TOAST (Trial of Org 10172 in Acute Stroke
Treatment) diagnosis criteria. Five categories were described:
(1) atherosclerosis of large arteries or atherothrombotic; (2)
cardioembolic; (3) lacunar; (4) other etiologies; and (5) inde-
terminate etiology's. We collected data on traditional risk
factors and compared prevalence levels between the control
group and IS group, based on data routinely collected by the
JOINVASC cohort'. After finding a higher frequency of cer-
tain blood types in patients, these individuals were distrib-
uted according to traditional risk factors and ischemic stroke
subtypes considering the most frequent blood type vs. all
other types and vs. O type (some authors indicate a possible
protective effect for the incidence of thrombotic events').

Blood samples from the patients and control subjects
were collected by peripheral venous puncture for blood typ-
ing. We used the Anti-A, Anti-B, and Anti-AB (Fresenius Kabi,
Barueri, Brazil) Soroclone® kit, according to the manufac-
turer’s instructions. Briefly, a drop of each antiserum and a
drop (50 uL) of recently prepared 5% red cell suspension were
mixed inside tubes. After homogenization and centrifugation,
the presence or absence of agglutination was used to char-
acterize the occurrence of reaction. As a complement, the
reverse ABO classification was used to determine serum anti-
bodies using the REVERCEL PLUS® (Fresenius Kabi) reagent.

In addition to descriptive statistical analysis, means and
standard deviations were calculated for quantitative vari-
ables and relative frequencies for the qualitative variables.
The chi-square test was used to compare proportions and
the Student’s #-test for verification of significant differences
between means. The significance level established was p<0.05.

The study was approved by the Research Ethics
Committee of the Universidade da Regido de Joinville (proto-
col 45305615.5.0000.5366; ruling 1.138.314).

RESULTS

During the 12 months of the study, we registered 275 cases
of IS (128 women and 147 men) and 254 subjects com-
posed the control group (171 women and 83 men) (Table 1).
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Table 1. Prevalence of risk factors in the ischemic stroke group and control group.

IS (n=275) Control (n=254) p-value
Age (years) <0.01*#
Mean+SD 65.7£13.9 57.4£138.0
Range 22-98 20-99
Gender [n (%)] <0.01*
Female 128 (46.5) 171 (67.3)
Male 147 (53.6) 83(32.7)
Skin color [n (%)] 0.042%*a
White 254(92.4) 245(96.5)
Non-white 21(7.6) 9(3.5)
SAH [n (%)] 197 (71.6) 111 (43.7) <0.01*
DM [n (%)] 81(29.4) 40(15.7) <0.01*
Smoking habits [n (%)] 158 (57.4) 82(32.3) <0.01*k
Alcoholism [n (%)] 7 (28.0) 5(25.6) 0.53*¢
Family history [n (%)] 78 (28.4) 5(2.0) <0.01*
Dyslipidemia [n (%)] 4 (23.3) 0(27.5) 0.32*
Cardiopathy [n (%)] 5(30.9) 2(12.6) <0.01*
Lifestyle [n (%)] <0.01*¢
Active 61(22.2) 110 (43.3)
Inactive 214 (77.8) 144 (56.7)
Blood group [n (%)]
A 125 (45.1) 99 (39) 0.132*
B 23 (8.4) 31(12.2) 0.145*
AB 4(5.1) 4(1.6) 0.026*
(0] 113 (41.1) 120 (47.2) 0.164%

IS:ischemic stroke; SD: standard deviation; SAH: systemic arterial hypertension; DM: diabetes mellitus; #Student’s t-test; *chi-square test (*white vs. non-white;
bsmoking and former smoking vs. non-smoking; °yes, eventual/social and moderate/heavy vs. non-alcoholic; ‘active vs. inactive).

The mean age of the IS group (65.7£13.9 years) was higher
than the control group (57.7112.9 years; p<0.01). The male
gender was more represented among the patients (53.6 vs.
32.7%; p<0.01) (Table 1). Regarding the IS subtypes, accord-
ing to the TOAST criteria, 30.5% of the cases were of lacu-
nar etiology, followed by 29.8% of indeterminate etiology, 16%
of cardioembolic cause, 16.4% of atherothrombotic IS, and a
minority of other causes (6.5%).

The SAH was the most frequent risk factor for IS, being
present in 71.6% of the patients and in 43.7% of the control
subjects (p<0.01) (Table 1). The IS group also had a higher
prevalence of diabetes mellitus (DM; 29.4 vs. 15.7%; p<0.01),
smoking habits (57.4 vs. 32.3%; p<0.01), family history (28.4 vs.
2%; p<0.05), cardiopathy (30.9 vs. 12.6%; p<0.05), and seden-
tary lifestyle (77.8 vs. 56.7%; p<0.05). Table 1 also shows the
distribution and comparison of the prevalence rates between
cases and controls according to the ABO system. The AB blood
type was more prevalent among patients (5.1 vs. 1.6%; p<0.05).

Table 2 shows the distribution of blood types according to
the IS-related risk factors investigated. People with AB blood
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type had a higher prevalence of SAH compared with people with
O type (92.9 vs. 67.3%; p<0.005). There was no significant differ-
ence between blood groups for the other risk factors studied.

DISCUSSION

Our results suggest that the occurrence of IS is more fre-
quent among patients of the AB blood type. On the other
hand, the occurrence of SAH seems to be more significant
among these patients.

Several authors have compared the distribution of IS
occurrence among ABO system blood groups. Blood donors
in Denmark and Sweden were followed for diagnosis of
thromboembolism and arterial events between 1987 and
2012. Compared to blood group O, non-O blood groups were
associated with higher incidence of both venous and arte-
rial thromboembolic events. Among arterial events, inci-
dence rate ratios (IRRs) were generally low, but still signif-
icantly increased, with IRRs of 1.10 (95%CI 1.05-1.14) for



Table 2. Risk factors and ischemic stroke (IS) subtype according to the ABO system blood type.

AB (n=14) 0 (n=113) NON-AB (n=261) p-value
A Mean+SD 64.9+15.1 66.7£12.5 65.7£13.9 0.623¢
e
& Range 30-84 29-98 22-95 0.822°
Female 8 (57.1) 51 (45.1) 120 (46.0) 0.395¢
Gender [n (%)]
Male 6 (42.9) 62 (54.9) 141 (54.0) 0.415P
SAH [ (%)] 13(92.9) 76 (67.3) 184.(70.5) gg?fﬁ
DM [n (%)) 3(21.4) 34.(30.0) 78(29.9) e
) ) 0.1490«
Smoking habits [n (%)] 6(42.8) 71(62.8) 1562 (58.2) 0.257ke
. 0.176%#
Alcoholism [n (%)] 2(14.3) 36 (31.8) 75 (28.7) 0.24185
) . 0.462¢
Family history [n (%)] 3(21.4) 35(31.0) 75(28.7) 0.5558
o 0.543¢
Dyslipidemia [n (%)] 2(14.3) 26 (10.0) 63 (24.1) 0.4400
) 0.704¢
Cardiopathy [n (%)] 4(28.6) 38(33.6) 83(31.8) 0.800°
Active 1(71) 7(23.9) 58 (22.2) 0.154¢
Lifestyle [n (%)]
Inactive 13(92.9) 6(76.1) 203 (77.8) 0.181p¢
Atherothrombotic 2(14.3) 2(19.5) 43 (16.5) -
Cardioembolic 2(14.3) 0(17.7) 44(16.8) -
TOAST [n (%)] Lacunar 5(35.7) 7(32.7) 79(30.3) -
Others 1(71) 4 (3.6) 17 (6.5) -
Indeterminate 4(28.6) 0(26.5) 78(29.9) -

SD:standard deviation; SAH: systemic arterial hypertension; *Student’s t-test; *chi-square test (*smoking and former smoking vs. non-smoking; °yes, eventual/
social and moderate/heavy vs. non-alcoholic; °active vs. inactive); “AB vs. O; PAB vs. non-AB; TOAST: Trial of Org 10172 in Acute Stroke Treatment.

myocardial infarction and 1.07 (95%CI 1.02-1.12) for stroke
in non-0 blood groups individuals compared to blood group
0Y. Zakai et al., in their REGARDS study to access the racial
and regional differences on stroke and with 30,239 par-
ticipants of the USA between the years of 2003 and 2007,
reported a hazard ratio (HR) of 1.18 for the AB group for
the occurrence of stroke in comparison with the O group.
The authors also evaluated factor VIII in plasma by an
immunoenzymatic test and they reported a higher level in
the AB group subjects and estimated that factor VIII medi-
ated 60% of the association between the AB group and stroke
risk®. To our knowledge, this was the only study to date that
reported an association between the AB blood type and IS.
Such link was expected based on the studies that reported
a higher occurrence of thrombotic events in subjects of the
non-O blood groups.

Sabino et al., evaluating polymorphisms of the ABO sys-
temblood groups and the association with ISrisk and periph-
eral artery disease, found data suggesting a possible protec-
tive factor of the O group in the pathogenesis of thrombotic
events'?. In another study assessing the association between

venous thromboembolism and blood types, Sode et al. found
the ABO system responsible for 20% of the risk attributable
to venous thromboembolism™. In this same study, which
comprised 2,279 events of venous thromboembolism, the
HR of 1.4 (95%CI 1.3-1.5) was found for venous thromboem-
bolism in subjects of the non-O groups in comparison with
the O-group subjects'. The EUROCLOT study was designed
in three stages to identify common variations that affect
the fibrin structure and function in the normal population
and significant single nucleotide polymorphisms linked to
the occurrence of stroke. The authors reported that non-O
blood groups were associated to a higher risk of periph-
eral vascular disease, heart attacks, and IS". Consequently,
although the link between the ABO system with thrombotic
events is well established in the literature, further studies
are still required with more diverse populations to confirm
the association between the AB blood group and the occur-
rence of IS.

As expected, in our study, a higher prevalence of SAH
was found among the patients with IS than in control sub-
jects. The association between IS and hypertension is well
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established, and SAH is considered the most important
modifiable risk factor for IS. The meta-analysis “Prospective
Studies Collaborations” of 61 studies and a million partici-
pants found a strong link between blood pressure and mortal-
ity rate by IS by age. This study presented a log-linear increase
of the mortality rate by IS according to age for increases of 20
and 10 mmHg in the systolic and diastolic pressures, respec-
tively'®. The same association was found by Rapsomanik
et al. in their cohort that electronically gathered the data of
1.25 million patients without cardiovascular diseases at first
and with a minimal age of 30 years, resulting in HR of 1.35
(95%CI 1.28-1.42) for the occurrence of IS with an increase of
20 mmHg in the systolic pressure".

In addition to hypertension, we also found a higher
prevalence of DM, cardiopathy, sedentary lifestyle, smok-
ing habits, and positive family history among patients in
comparison with the control subjects. We know that some
heart diseases can increase the risk of IS, from which AF
is considered the most important and treatable pre-IS car-
diopathy®. The Framingham study associated non-valvular
AF with a three- to five-time higher risk of IS. Additionally,
the IS risk decreased with age for all other cardiovascular
conditions, except for AF. In subjects aged 80 to 89 years,
AF was the only cardiovascular condition that indepen-
dently affected IS risk®. The higher prevalence of DM
among patients was also expected, since diabetic subjects
are more susceptible to atherosclerosis and have a higher
frequency of atherogenic risk factors. The relationship
between DM and IS was also reported in the Framingham
study, in which glucose-intolerant subjects had twice the
risk of cerebral infarction than non-diabetic subjects®.
As for the modifiable risk factors such as smoking habits
and sedentary lifestyle, studies have reported their asso-
ciation with IS risk. Regarding smoking habits, both the
Framingham study and the Nurses Health study — a cohort
that collected 12 years of data from 117,006 female nurses
aged 30 to 55 years in 11 of the most populous states in the
USA — reported a reduction in IS risk with smoking cessa-
tion**?!. Therefore, all differences found between patients
and control subjects in modifiable and non-modifiable risk

factors related to IS were already expected and support the
association of our results with well-established findings in
the literature®**%,

Our results suggest a higher prevalence of SAH in the AB
group subjects in comparison with the O-group subjects.
We found no other study supporting the link between hyper-
tension and the ABO system’s blood groups. Additionally, there
was no evidence of an association between blood groups and
any of the other risk factors investigated. However, Zakai
et al. reported a relationship with diabetes, with higher prev-
alence in the AB group than in the O group®. However, this
association was not found in our study.

Our main finding — AB blood group patients had a higher
frequency of IS — could be affected by the small number of
subjects with this blood type, which is the first limitation
of the study, followed by the fact that it was conducted in a
single center. However, we know that the prevalence of the
AB blood group in the Brazilian population is actually low.
Studies conducted in different regions of the country with
blood donors identified prevalences that ranged from 3.13
to 4%***. In addition, because of the limited number of indi-
viduals in the patient and control groups, as well as the lack
of homogeneity of baseline characteristics between groups, it
is not possible to perform inferenceseg, by multiple logistic
regression, about the AB blood group being a risk factor for
the ischemic event. To overcome these limitations and con-
firm the results presented here, we recommend increasing
the number of evaluated subjects and replicating the study
in other centers. In addition, the clinical utility of ABO sys-
tem for IS prediction warrants further study, since the deter-
mination of blood group phenotypes is easy and robust and
there is no influence of acute phase response on blood group
assessment.
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