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ABO and Rh Blood Groups in Relation to Ovarian, Endometrial
and Cervical Cancer Risk Among The Population of South-East
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Arseniy E Yuzhalin'?, Anton G Kutikhin?3*

Abstract

Background: There is a large amount of evidence that the ABO blood group system may play a role in
disease etiology. A relationship between ABO and Rhesus blood groups and cancer risk has been demonstrated
in a number of studies. However, in relation to gynecological malignancies, these findings are inconsistent and
contradictory. Aim: To perform a case-control study for analysis of the distribution of ABO and Rh blood
antigens among women from South-East Siberia who suffered from ovarian, endometrial and cervical cancer,
and to assess the potential role of these antigens in carcinogenesis. Design, Subjects and Methods: A total of
1,163 cases with ovarian cancer (n=551), endometrial cancer (n=440) and cervical cancer (n=172) were involved
in the study. The control group was formed from 22,581 female blood donors. Blood groups were determined
through patients medical records and blood donor records. Odds ratios (OR) with 95% confidence intervals (CI)
were calculated. The blood group O was defined as the referent group, as it has the greatest frequency in the
populations of Southern Siberia. P values less than 0.05 were regarded as statistically significant. Results: We
found that carriage of non-O blood types increased the risk of ovarian cancer by 40-60% , and the magnitude
of this relationship was strongest in women with the AB (IV) blood group. Carriage of the A (II) blood group
strongly correlated with an increased risk of ovarian cancer in premenopausal, but not in postmenopausal women.
No statistically significant correlations were obtained for endometrial cancer and cervical cancer. Additionally,
we did not observe a relationship between Rhesus factor and cancer risk. Conclusion: We suggest that carriage
of non-O blood groups may elevate risk of ovarian cancer and can play a role in its development.
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Introduction

Gynecologic cancer is a wide group of malignancies
that affect female reproductive organs, including ovaries,
fallopian tubes, uterus, cervix, vagina, and vulva.
According to the latest reports, gynecologic cancer is
the fourth most common malignancy in women (Jemal
et al., 2011). Early defined, most of the gynecological
cancers have a good cure rate; however, more than
270,000 deaths from cervical cancer and 140,000 death
from ovarian cancer were registered worldwide in 2008
(Jemal et al., 2011). As for today, etiological factors for
gynecological cancer are well known. For cervical cancer,
common risk factors are HPV infection, administration
of oral contraceptives, smoking, Chlamydia infection,
and HIV/AIDS infection. Regarding the endometrial
cancer, etiological factors are administration of tamoxifen,
endometrial hyperplasia, and diabetes. Ovarian cancer
frequently occurs in individuals that had gynecologic
surgery, received fertility drugs, smoked and had excessive
alcohol consumption (Salehi et al., 2008). Moreover,

common risk factors for all of these cancer types are
age, obesity, estrogen or other hormone therapy, family
history of ovarian, breast, or colorectal cancer, diet, and
immunosuppression (Salehi et al., 2008). In addition, such
factors as polycystic ovarian syndrome, intrauterine device
use, pelvic radiation therapy, hypertension, and lack of
children are also believed to increase risk of gynecological
cancers (Salehi et al., 2008). Nevertheless, many aspects in
the etiology and pathogenesis of gynecologic malignancies
remain to be elusive. As for today, prevention and early
diagnosis are the key points for successful treatment of
the gynecological cancer.

The ABO gene is located on chromosome 9 (9q34), and
contains 7 exons that span more than 18 kb of genomic
DNA. The ABO gene encodes glycotransferases that
catalyze the transfer of nucleotide donor sugars to the
H antigen to form the ABO blood group antigens. It has
long been established that different ABO blood types may
affect occurrence and development of various pathogenic
processes within the body. First, there is a large amount
of evidence that ABO blood group system have a great
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impact on individual susceptibility to infectious diseases.
It has been reported that carriers of A and B antigens are
more resistant to cholera in comparison with blood group
O, while AB confers the most resistance (Barua and
Paguio, 1977; Clemens et al., 1989). Furthermore, it has
been recently demonstrated that blood group O protects
against severe Plasmodium falciparum malaria through
the mechanism of reduced resetting, since sugars located
on the non-O blood cells are involved in the creation of
the large clumps of cells (Rowe et al.,2007). Additionally,
it has been indicated that patients presenting with blood
group A are more susceptible to infections caused by
Pseudomonas aeruginosa, due to specific adhesion of
P.aeruginosa lectins with N-acetyl-galactosamine, the
terminal carbohydrate forming the antigen A (Steuer et
al., 1995). However, in contrast to the above-mentioned
studies, several authors obtained contradictory correlations
regarding the ABO distributions in patients with smallpox
(Harris et al., 1963; Downie et al., 1966). It should also
be noted that carriers of A or AB blood types were found
almost 3 times more susceptible in acquiring chikungunya
disease, which is caused by CHIKYV virus (Kumar et al.,
2010).

There is also some evidence that ABO blood group
system may play role in the development of noninfectious
diseases. First, the higher prevalence of non-O blood type
among patients with venous thromboembolism (VTE) has
been shown not long ago (Ohira et al.,2007). The authors
suggested that this observation may be due to the fact that
subjects with non-O blood type have higher levels of the
clot-inducing proteins factor VIII and von Willebrand
factor in their blood (Ohira et al., 2007). Second, it has
been revealed that ABO blood group system affects the
ability of Helicobacter pylori to attach to the lining of
the stomach, since individuals of blood group A and B
phenotypes were found to have fewer H.pylori receptors
compared to those with blood group O (Borenetal., 1993).
Therefore, it could be hypothesized that carriage of blood
group O may indirectly contribute to the development
of H.pylori infection, which consequently may result
in gastritis, gastric ulcer, and gastric adenocarcinoma.
Interestingly, this finding is in contrast with the results of
one British research group (Aird et al., 1953) who more
than fifty years ago demonstrated that the frequency
of blood group A is greater and the frequency of blood
group O is less in patients with gastric cancer. Notably,
this study (Aird et al., 1953) was the first attempt to find
possible relationship between ABO blood types and cancer
risk. Since then, numerous case-control studies have
been performed to shed the light on this issue; however,
these reports are often inconsistent and unconvincing,
and require further in-depth research. Thus, the primary
aims of our study are to analyze the distribution of ABO
and Rh blood antigens in subjects with gynecological
malignancies and evaluate their potential impacts on
carcinogenesis.

Materials and Methods

Our study was conducted on the basis of Kemerovo
Regional Clinical Oncological Dispensary. We collected
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data of medical records from 1,163 cancer patients aged
30-75 living in Kemerovo and neighboring settlements
for five-year period of time (2006-2011). Data are
presented on 551 cases of ovarian cancer, 440 cases of
endometrial cancer and 173 cases of cervical cancer.
All the cases included in the study were individuals
with histopathologically confirmed ovarian, cervical
or endometrial neoplasia. Notably, due to technical
difficulties we were not able to obtain information about
such confounders as parity, duration of oral contraceptive
use, duration of breastfeeding, smoking status, and
lactose intake. The subjects who had a hysterectomy,
oophorectomy, menopause due to pelvic irradiation,
or cancer other than non-melanoma skin cancer, were
excluded from the study.

The control group was formed from the database
of blood donor records from Kemerovo Regional
Blood Transfusion Station and included 22,581 female
individuals. The distribution of ABO and Rh blood groups
in the control group is supposed to reflect the general
population of Kemerovo Oblast and Southern Siberia.
Determination of blood groups in both cases and controls
was performed by conventional serological methods.
Monoclonal anti-A, anti-B, and anti-AB antibodies were
used to determine ABO blood groups, while Rhesus factor
was identified by anti-D (IgM) monoclonal antibodies
(“Gematolog”, Moscow).

Statistical analysis was performed by utilizing the
MedCalc software (MedCalc, inc). Odds ratios with
95% of confidence intervals were generated. The blood
group O was defined as referent group, since it has the
most frequency in the population of Southern Siberia.
In addition, stratification by menopausal status has
been performed. P values that were less than 0.05 have
been regarded as statistically significant. The study is in
compliance with the Helsinki declaration, and it has been
approved by the Medical Ethical Committee of Kemerovo
State Medical Academy.

Results

The data regarding correlation between gynecological
malignancies and ABO/Rh blood groups are presented
in Tables 1 and 2. The results regarding stratification by
menopausal status are presented in Table 3. We observed
that presence of non-O blood type was associated with
40-60% increased risk of ovarian cancer (Table 1).
Importantly, the strongest magnitude of this correlation was
observed in subjects with simultaneous carriage of both A
and B antigens (OR=1.60; 95%CI: 1.17-2.18; p=0.0026).
Additionally, the correlation was little stronger for the
blood type B in comparison with the type A (OR=1.48;
95%CI: 1.17-1.81; p=0.0010 and OR=1.40; 95%CI:
1.13-1.73; p=0.0019, respectively). However, we did not
observe statistically significant association for endometrial
cancer and cervical cancer. Antigens of Rh system also
did not correlate with a risk of gynecological cancer in
our study. Importantly, interesting results were obtained
after stratification by menopausal status. The carriage of
the blood group A strongly correlated with an increased
risk of ovarian cancer in premenopausal (OR=1.59;



Table 1. Distribution of ABO Blood Groups between
Cases and Controls

Blood group Cases Controls OR (95%CI) P value
N (%) N (%)
Ovarian cancer (n=551)
(0] 149 (27.1) 6702 (350) 1.0 (ref) -
A 205(37.2) 6570 (344) 1.40(1.13-1.73) 0.0019
B 140 (254) 4248 (22.2) 1.48(1.17-1.87) 0.001
AB 57(10.3) 1599 (84) 1.60(1.17-2.18) 0.0026
A+AB 262 (47.5) 8169 (42.7) 144 (1.17-1.76) 0.0004
B+AB 197 (35.7) 5847 (30.6) 1.51(1.22-1.88) 0.0002
Cervical cancer (n=172)
(0] 62 (36.1) 6702(350) 1.0 (ref) -
A 62 (36.0) 6570 (344) 1.02(0.71-145) 09122
B 40 (23.3) 4248 (22.2) 1.01(0.68-1.51) 0.9308
AB 8 4.7) 1599 (84) 0.54(0.25-1.13) 0.1027
A+AB 70 (40.7) 8169 (42.7) 092 (0.65-1.30) 0.662
B+AB 48 (27.9) 5847 (30.6) 0.88 (0.60-1.29) 0.5361
Endometrial cancer (n=440)
(0] 152 (34.5) 6702 (350) 1.0 (ref) -
A 162 (36.8) 6570 (34.4) 1.08(0.86-1.36) 0.4643
B 92 (20.9) 4248 (22.2) 0.95(0.73-1.24) 0.7297
AB 34 (7.8) 1599 (84) 0.90(0.64-1.36) 0.7366
A+AB 196 (44.5) 8169 (42.7) 1.05(0.85-1.31) 0.6066
B+AB 126 (28.6) 5847 (30.6) 0.95(0.74-1.20) 0.6747

Table 2. Distribution of Rh Antigens between Cases
and Controls

Blood group Cases Controls OR (95%CI) P value
N (%) N (%)
Ovarian cancer (n=551)
Rh* 455(82.6) 19032 (84.3) 1.0 (ref) -
Rh 96 (17.4) 3549 (15.7) 1.13(0.90-141) 0.2778
Cervical cancer (n=172)
Rh* 143 (83.1) 19032 (84.3) 1.0 (ref) -
Rh 29 (16.9) 3549 (15.7) 1.08(0.72-1.62) 0.6815
Endometrial cancer (n=440)
Rh* 373 (84.8) 19032 (84.3) 1.0 (ref) -
Rh 67 (15.2) 3549 (15.7)  0.96 (0.74-1.25) 0.7799

95%CI: 1.14-2.20,p=0.0056), but not in postmenopausal
women (p=0.0821). Conversely, blood types B and AB
were associated with an elevated ovarian cancer risk in
postmenopausal (OR=1.54 95%CI: 1.14-2.07, p=0.0041
and OR=1.66 95%CI: 1.09-2.41,p=0.0151, respectively),
but not in premenopausal individuals (p=0.0847 and
0,0756, respectively). In addition, we failed to demonstrate
statistically significant differences in the distribution of
ABO blood groups in women with endometrial cancer and
cervical cancer after stratification by menopausal status.

Discussion

To date, there are approximately 40 case-control
studies, devoted to investigation of the impact of ABO
blood groups on cancer risk. It has been reported that
carriers of the blood group O had a 4% reduced risk of
basal cell carcinoma and 14% reduced risk of squamous
cell carcinoma within the large cohort of US individuals
(Xie et al., 2010). Likewise, it has been demonstrated
that subjects possessing the blood group O have a lower
risk of pancreatic cancer compared to those with groups
A or B (Amundadottir et al., 2009; Wolpin et al., 2010).
Similarly, the carriage of A and AB groups significantly
correlated with an increased risk of gallbladder cancer
(Pandey et al., 1995). A recent case-control study has
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Table 3. Distribution of ABO Blood Groups in Cases
and Controls in Relation to Menopausal Status

Blood group Cases Controls OR (95%CI) P value
N (%) N (%)
Ovarian cancer;
Premenopausal (n=225)
O 59(26.2) 6702 (35.0) 1.0 (ref) -
A 92 (409) 6570 (344) 1.59 (1.14-2.20) 0.0056
B 52(23.1) 4248 (22.2) 1.39(0.95-2.02) 0.0847
AB 22 (9.8) 1599 (84) 1.56(0.95-2.55) 0.0756
A+AB 114 (50.7) 8169 (42.7) 1.58 (1.15-2.17) 0.0043
B+AB 74 (329) 5847 (30.6) 1.43(1.01-2.02) 0.0385
Postmenopausal (n=326)
O 90 (27.6) 6702 (35.0) 1.0 (ref) -
A 113 (34.7) 6570 (344) 1.28(0.96-1.69) 0.0821
B 88 (27.0) 4248 (22.2) 1.54 (1.14-2.07) 0.0041
AB 35(10.7) 1599 (84) 1.66 (1.09-2.41) 0.0151
A+AB 148 (454) 8169 (42.7) 1.34 (1.03-1.75) 0.0262
B+AB 123 (37.7) 5847 (30.6) 1.56 (1.19-2.06) 0.0013
Cervical cancer;
Premenopausal (n=113)
O 42 (37.2) 6702 (35.0) 1.0 (ref) -
A 41 (36.3) 6570 (34.4) 0.99 (0.64-1.53) 0.9848
B 26 (23) 4248 (22.2) 097 (0.59-1.59) 0.9248
AB 4 (35) 1599 (84) 0.39(0.14-1.11) 0.0797
A+AB  45(39.8) 8169 (42.7) 0.76 (0.50-1.16) 0.2148
B+AB  30(26.5) 5847 (30.6) 0.76 (0.48-1.21) 0.2551
Postmenopausal (n=59)
O 20(339) 6702 (35.0) 1.0 (ref) -
A 21(35.6) 6570 (344) 1.06(0.57-1.97) 0.8301
B 14 (23.7) 4248 (22.2) 1.10(0.55-2.18) 0.7761
AB 4 (6.8) 1599 (84) 0.83(0.28-2.45) 0.7477
A+AB  25(424) 8169 (42.7) 1.02(0.56-1.84) 0.9331
B+AB 28 (474) 5847 (30.6) 1.60(0.90-2.85) 0.1069
Endometrial cancer;
Premenopausal (n=102)
O 32(314) 6702(35.0) 1.0 (ref) -
A 37 (36.3) 6570 (344) 1.17(0.73-1.89) 0.4952
B 25(24.5) 4248 (22.2) 1.23(0.72-2.08) 0.4347
AB 8 (7.8) 1599 (8.4) 1.04(0.48-2.27) 0.9061
A+AB  45(44.1) 8169 (42.72) 1.15(0.73-1.81) 0.5374
B+AB  32(314) 5847 (30.58) 1.14 (0.70-1.87) 0.5861
Postmenopausal (n=338)
O 120 (35.5) 6702 (35.0) 1.0 (ref) -
A 125 (37.0) 6570 (34.4) 1.06(0.82-1.36) 0.6378
B 67 (19.8) 4248 (22.2) 0.88 (0.65-1.19) 0.4091
AB 26 (7.7) 1599 (8.4) 0.90(0.59-1.39) 0.6586
A+AB 149 (44.1) 8169 (42.7) 1.01(0.79-1.29) 0.8811
B+AB 93 (27.5) 5847 (30.6) 0.88 (0.67-1.16) 0.3953

revealed that in comparison with healthy controls, the
frequency of the blood group B was significantly higher
in a large cohort of Chinese patients with cardiac cancer
and esophageal carcinoma (Su et al., 2001). According
to the findings by Polish researchers, carriers of A and
AB blood groups had a significantly increased risk of
laryngeal carcinoma (Konieczna and Turowski, 1992;
Pyd et al., 1995). However, it should be noted that their
further investigations did not replicate previous results
(Nowinska et al., 2000). An association between the ABO
blood group system and colorectal cancer risk has not
been confirmed in series of studies performed in different
populations and ethnicities (Halvorsen, 1986; Slater et al.,
1993; Khalili et al.,2011). Similarly, a lack of statistically
significant correlations was observed between the ABO
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system and development of prostate cancer (Wajsman et
al., 1997), benign prostate hyperplasia (Beasley, 1964),
bladder cancer (Orihuela and Shahon, 1987; Raitanen
and Tammela, 1993), testicular cancer (Morrison, 1976;
O’Connell and Christenson, 1980) and salivary gland
cancer (Pinkston and Cole, 1996). Additionally, several
studies reported contradictory results. Although series
of case-control studies failed to establish ABO blood
groups as a major risk factor for breast cancer (Hems,
1970; Anderson and Haas, 1984; Dede et al., 2010), A
group of authots (Tryggvadottir et al., 1988) reported that
familial breast cancer cases had a 2-fold higher prevalence
of blood group B than did the sporadic cases, and the
frequency of this blood group in non-affected relatives
of cases was significantly reduced. Moreover, another
study has demonstrated that the absence of the Rh factor
(Rh-) was positively associated with a 50% increased
breast cancer risk (Ronco et al., 2009). Likewise, it has
been revealed that the relative risk of metastasis in Rh-
patients with breast cancer was 4.2 times higher than that
in Rh+ patients (Stamatakos et al., 2009). Interestingly,
the relative risk of metastasis was 1.29 times higher
in subjects who simultaneously possessed Rh+ and A
blood group. Although in reference Nol7 there was
suggested that the blood group B may play a role in the
development of esophageal carcinoma, several subsequent
investigations failed to confirm this hypothesis (Aird et al.,
1960; Beasley, 1964; Wapnick et al., 1972). Finally, two
studies regarding lung cancer did not obtain any significant
associations (Jakoubkova and Majsky, 1965; Roberts et
al., 1988); however, another study demonstrated that the
frequency of the blood group A was significantly higher
in lung cancer patients in comparison with corresponding
donors (Roots et al., 1988).

There are also several case-control studies investigating
ABO and Rh blood groups in relation to gynecological
cancer risk. Recently, one group of authors (Gates et
al., 2011) performed a comprehensive study using the
data from 49,153 subjects of mixed US population. The
authors demonstrated that in comparison with women
with blood group O, carriers of blood group AB or B had
a non-significant increase in epithelial ovarian cancer
incidence (RR=1.38; 95%CI: 0.88-2.16 and RR=1.38,
95%CI: 0.96-1.99, respectively). Also, Gates et al. did
not observe any relationship between the blood group
A or Rh factor. However, carriers of B allele genotype
(AB/B) had a statistically significant 41% increase in
ovarian cancer incidence (OR=1.41; 95%CI: 1.06-1.88),
compared to women without B antigen (blood group O/A).
Additionally, the authors revealed positive associations
between the carriage of blood groups AB and B and higher
body mass index (BMI) =30 kg/m?> (RR=0.66; 95%CI:
0.30-1.45; RR=1.10; 95%CI: 0.65-1.85 for blood groups
AB and B, respectively). Another retrospective analysis of
968 Italian women (Marinaccio et al., 1995), has revealed
that endometrial and ovarian cancer occur more frequently
in women with the blood type A compared to those with
the blood type. According to the authors, the blood
group A is associated with a poor prognosis. Moreover,
they indicated that with regard to endometrial cancer, a
sensibly better 5-year and 10-year survival is associated
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with the presence of the blood group O if compared
with blood group A. Likewise, another research group
(Henderson et al., 1993) showed that in comparison with
the blood group O, the blood type A was significantly more
common among 1261 English women with ovarian cancer.
Furthermore, Henderson et al. noted that adenocarcinomas
were the most common type of tumor and were associated
with the presence of the blood group A. This association,
moreover, was more evident in married women than in
single women probably reflecting differences associated
with parity. Finally, Armenian authors (Adamian, 2005)
revealed that AB blood type was found to be significantly
higher in 548 Armenian subjects with endometrial cancer
in comparison with the blood group O.

Importantly, our findings are consistent with those
obtained by other authors investigating the same issue. An
overwhelming majority of studies indicate a correlation
between non-O blood groups and an increased cancer
risk. In our study we found that the presence of both A
and B antigens may contribute to an increased risk of
ovarian cancer incidence. Interestingly, we observed that
the association was stronger for A antigen compared to
B. Since hormonal factor is believed to play a role in
gynecological cancer etiology, we performed stratification
by menopausal status. However, our results are somewhat
inconclusive and cannot be interpreted clearly. We
observed that blood group A correlated with an increased
risk of ovarian cancer in premenopausal subjects, while
blood types B and AB, conversely, were associated with an
elevated ovarian cancer risk in postmenopausal subjects.
Possibly, this could indicate different mechanisms of
interaction between A and B antigens with hormonal
background.

Direct mechanisms of the impact of ABO blood group
system on cancer development are elusive. However,
there are several hypotheses which may explain the
associations observed. It could be that A and B antigens
might somehow help cancers grow more aggressively. It
has been shown that the presence of A and B antigens may
increase cellular motility and facilitate the interactions
between tumor cells (Le Pendu et al., 2001). Moreover,
it has been observed that ABO antigens may contribute
to the resistance to apoptosis and immune escape (Melzer
et al., 2008). Alternatively, some research has shown
that structure of certain tumor antigens is similar to
the structure of antigens of ABO system. For example,
Forssmann antigen is synthesized predominantly in
stomach and colon tumors, and structurally it is almost
identical to the A antigen determinant (Smith and Prieto,
1992). Therefore, carriers of blood group A may have
diminished tumor immune response due to reduced ability
to recognize and attack tumor cells that express Forssmann
antigen. Finally, it should be noted that several studies
have demonstrated an association between ABO genotype
and altered levels of soluble E-selectin, ICAM-1, and
tumor necrosis factor-alpha (Pare et al., 2008; Paterson et
al.,2009a, Paterson et al., 2009b) which also may suggest
potential role of ABO in cancer development.

Importantly, our study has several limitations. First,
the sample size of our study was relatively small. In
particular, the low sample size may be a reason for the
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lack of statistically significant associations observed in
patients with endometrial cancer (n=440) and cervical
cancer (n=172). Moreover, due to the insufficient sample
size we were unable to test for three-way interactions
(ABO*Rh*menopausal status). Second, since we analyzed
medical records, we were unable to assess the role of
various potential confounders, such as smoking status,
oral contraceptive use, duration of breastfeeding, etc.
Third, due to technical difficulties, the data on tumor
histopathological subtypes were also not obtained;
therefore, we were not able to stratify according to cancer
histological type.

To summarize, our findings suggest possible association
between the non-O blood groups and an increased risk
of ovarian cancer. Further revealing of risk markers in
antigens of erythrocytes can be applied in programs of
cancer prevention and screening. We hope that our study
will stimulate further investigations devoted to this issue.
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