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Abstract

Background—The associations of laboratory-based ABO phenotypes with cancer risks and
mortality have not been systematically determined.

Methods—The study subjects were 339,432 healthy individuals with laboratory-based blood
types from a Taiwan cohort.

Results—Compared to blood type O, blood type A was significantly associated with an elevated
risk of stomach cancer incidence (Hazard Ratio [HR], 1.38 [95% CI, 1.11-1.72]) and mortality
(HR, 1.38 [95% ClI, 1.02-1.86]) compared with blood type O, after adjusting for age, sex,
education, smoking, alcohol drinking, physical activity, and body mass index. Non-O blood types
were associated with an elevated risk of pancreatic cancer, with blood type B reaching statistical
significance for incidence (HR, 1.59 [95% ClI, 1.02-2.48]) and mortality (HR, 1.63 [95% ClI,
1.02-2.60]). In contrast, kidney cancer risk was inversely associated with blood type AB (HR,
0.41 [95% CI, 0.18-0.93]) compared to type O.

Conclusion—Cancer risks vary in people with different ABO blood types, with elevated risks of
stomach cancer associated with blood type A and pancreatic cancer associated with non-O blood
types (A, B, and AB).
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1. Introduction

ABO blood type has been extensively studied in relation to human diseases and blood
transfusion complications since its discovery by Karl Landsteiner in 1900 [1,2]. An
association between blood type and cancer was initially suggested through the observation
that stomach cancer patients were more likely to have blood type A than control subjects [3].
A variety of other cancers have since been linked to ABO blood group [4], including cancers
of the oral cavity [5], larynx [6], esophagus [7], lung [8], pancreas [9], breast [10],
colorectum [11], bladder [12], prostate [13], and skin [14], but the associations generally
have been inconsistent. For instance, some studies showed that blood type was not
associated with pancreatic cancer [15,16]. Most previous studies were based on self-
reporting of blood type which is prone to recall and information biases. For example, in a
study of health professionals, about 10% of the participants incorrectly reported their blood
types [9]. Additionally, the relative small size of most previous studies has limited the
opportunity to comprehensively evaluate the link between ABO blood type and cancer risks,
particularly for rare cancers. The majority of studies on blood type and cancer risks were
conducted in the Western world [4], and published evidence in other populations is limited.
ABO blood type distribution has been shown to vary substantially among populations
[17,18]. Phenotypic frequencies of ABO type in two large series of hospital patients and
blood donors showed a higher percentage of type A among Caucasians (38%) than Chinese
(29%), but a lower percentage of type B among Caucasians (14%) than Chinese (27%)
[19,20].

To address the gaps in findings from existing studies, we conducted a large cohort study with
laboratory-based ABO blood type to investigate the association of blood type with cancer
risk and mortality among Chinese in Taiwan.

2. Methods

Details of the study methods were reported previously [21,22]. Briefly, the cohort consists of
healthy people at least 20 years of age who were provided health management by a private
firm (MJ Health Management Institution, Taipei City, Taiwan) beginning in 1994. All cohort
members took part in a standard medical screening program and donated an overnight
fasting blood sample at baseline, and were followed until December 31, 2007. All
participants underwent a standard panel of clinical tests, including hemogram, blood sugar
tests, liver function tests, renal function tests, blood lipid tests, thyroid function tests, blood
grouping, the presence of HBV surface antigen in blood (HBsAg), and the presence of HCV
antibody in blood [23]. Individuals were defined as having diabetes if they had a history of
diabetes or if they had positive diabetes screening results (fasting blood glucose
concentration =7 mmol/L). This is to provide a complete picture of diabetes diagnosis as
diabetic patients whose disease is under control may decide not to undergo screening test or
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the test results may be negative. Individuals with either type | or type Il diabetes were
included. The ABO blood typing (A, B, O and AB) was conducted using the standard
forward antigen typing with antisera reagents (anti-A, anti-B) made from monoclonal
antibodies. Every participant completed a self-administered questionnaire of their medical
history and lifestyle information. All participants were encouraged to visit on a yearly basis;
the same questionnaires were filled out on every visit, but results from the initial visit only
were used for the current analysis. All study participants signed an informed consent. The
study was approved by the Institutional Review Boards (IRB) of MJ Health Management
Institution and National Health Research Institutes in Taiwan and MD Anderson Cancer
Center.

Of 440,630 individuals enrolled in the MJ Health Management Institution between January
1, 1994 and December 31, 2007, 339,432 were included in the current analysis with a total
of 2,969,357 person-years of follow-up. The participants were followed for an average of
8.75 years (s.d. 3.15) with a range of 1.0-12.9 years. Excluded from the current analysis
were subjects who reported a history of any cancer at baseline (/7= 3714) or were followed
up for less than 1 year (7= 27,035) or death in less than 1 year (7= 447). Also excluded
were subjects with no information on ABO blood type (n=70,002).

The principal outcome variables were cancer incidence and cause-specific mortality,
including the most common cancers occurring in Taiwan. The procedures to ascertain these
outcomes have been described in detail previously [24]. Incident cancer and vital status were
ascertained from the Taiwan National Cancer Registry and National Death File, respectively,
via record linkage using the unique national identification numbers assigned to each Taiwan
resident. Cancer cases were classified according to the International Classification of
Diseases (ICD-9) and were based on histological discharge forms and oncology reports [22].

The Cox proportional hazards regression analysis was used to estimate hazard ratios (HRS)
and 95% confidence intervals (Cls) for cancer incidence and mortality in relation to ABO
blood type. The time of study entry was the date of enroliment, and the time of exit was the
date of first cancer diagnosis, death, or the end of follow-up (December 31, 2007),
whichever came first. Participants who died of any causes other than cancer were censored
on the date of death. The proportional hazards assumption was evaluated by inspection of
plots of log (—log[ S]) against time [25], in which Swas the estimated survival function.
Baseline potential confounders were adjusted, including sex, age, education, physical
activity, smoking, alcohol drinking, and body mass index (BMI). The age- and sex-adjusted
model included 339,432 individuals and the fully adjusted model included 297,187
individuals after excluding those with missing values for covariates. In addition, HBV
infection was included as a covariate for estimating risk of liver cancer incidence and
mortality. The potential confounders were categorized as in Table 1. We also considered
whether the association of ABO blood type with cancer varied with age, sex, or BMI group
from the significance of interaction terms. All analyses were conducted using the STATA
statistical software program (version 10.1; Stata Corp., College Station, TX, USA).
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Of the 339,432 participants, 42.9% had blood type O, and 26.8, 24.3, and 6.0% had blood
types B, A, and AB, respectively. The mean and median ages at baseline were 41 and 39
years, with little variations in subgroups defined by blood type (Table 1). Only 7.9% of the
cohort participants were age 65 years or older and 53.6% was female. About 42% of the
cohort had attended at least some college. The majority were never smokers (69.8%) and
never alcohol drinkers (76.6%). Overweight (BMI 25-<30) and obesity (BMI = 30) were
reported by 23.4 and 3.8% of the cohort, respectively. Over 85% were inactive or had low
physical activity level. There were no meaningful differences in the distributions of the
demographic variables and exposures by ABO blood groups.

During an average of 8.75 years of follow-up, 9164 participants developed cancer and 3803
participants had died of the disease. Compared to type O, type AB was associated with a
slight decrease in risk of developing cancer overall (HR = 0.90, 95% CI 0.81-1.00; P=
0.049) after adjusting for age, sex, educational level, smoking, alcohol drinking, physical
activity, and BMI (Table 2). When specific cancers were examined, a significant inverse
association with type AB was observed only for kidney cancer (HR = 0.41, 95% CI1 0.18-
0.93). An inverse association relative to blood type O was also observed for other blood
types, with Kidney cancer risk for those with non-O blood type reduced 27% (HR = 0.73,
93% CI 0.56-0.96). In contrast, stomach cancer risk was significantly elevated for those
with blood type A (HR = 1.38, 95% CI 1.11-1.72) compared to those with blood type O. No
association was observed for blood type B or AB. For pancreas cancer, a significant excess
risk associated with non-O blood type overall was observed (HR = 1.50, 95% CI 1.04-2.19),
with an elevated risk found across all non-O blood types (HR for type A: 1.45; type B: 1.59;
and type AB: 1.37).

No consistent patterns of association were observed between ABO blood type and other
cancers, including cancers of the oral cavity, esophagus, lung, colon, rectum, leukemia,
breast, and prostate (Table 2). The findings for cancer mortality generally mirrored those for
incident cancers (Table 3). Compared to blood type O, individuals with blood type A had a
significantly elevated risk of stomach cancer mortality (HR = 1.38; 95% CI 1.02-1.86),
whereas risk of pancreas cancer mortality was elevated for those with non-O blood type (HR
=1.47, 95% CI 0.98-2.19). Consistent with findings for incident cancer, the elevated risk for
pancreas cancer mortality was found across all blood types, with statistical significance
reached for blood type B (HR = 1.63, 95% CI 1.02-2.60). Furthermore, adjustment for other
variables such as history of diabetes, HBV infection, or family history of cancer did not
materially alter the findings for either cancer incidence or mortality (data not shown). Age,
sex, or BMI did not modify the associations between ABO blood type and cancer incidence
or mortality (data not show).

4. Discussion

In this large cohort of Chinese men and women with laboratory typing of ABO blood group
at baseline, we found that after an average follow-up of 8.75 years, subsequent risk of cancer
varied in people with different blood types. Compared to people with blood type O, those
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with non-O blood type (A, B, and AB combined as well as separately) had a reduced risk of
kidney cancer but an elevated risk of pancreas cancer. In addition, blood type A was
associated with an excess risk of stomach cancer whereas type AB was associated with a
marginal reduction in overall cancer risk.

Since Aird et al. first reported an association between blood type A and gastric cancer 60
years ago [3], this observation has been confirmed in many case-control studies and a cohort
of blood donors in Sweden and Denmark [18,26]. Assessment of ABO genotype, which is
highly concordant with ABO phenotype [27], has also linked an increased risk of gastric
cancer with AA genotype [28]. Our observation of an elevated risk of both gastric cancer
incidence and mortality associated with blood type A add to the limited evidence from
cohort study. Recently, a study of intestinal metaplasia and dysplasia, both precancerous
gastric lesions, found that the association with ABO type was modified by Helicobacter
pylori (H. pylori) and cagA status, a known risk factor for gastric cancer [29]. An elevated
risk of these lesions was associated with blood type A only among carriers of the virulent
cagA+ strains of H. pylori, hypothesized to be due to differential binding of the bacterium to
the blood group antigens. Our study did not collect data on H. py/ori and cagA status and
therefore was unable to confirm an interactive effect of H. py/oriand ABO blood group.

Our observation of an increased risk of pancreatic cancer associated with all non-O blood
types (A, B, or AB) relative to blood type O is consistent with findings reported in two
prospective cohort studies of health professionals in the USA [9]. These findings, however,
differ from results in a recent European consortium study [30] and a large population-based
case-control study in Shanghai, China [27]. Assessing ABO blood type based on genotype,
these studies found an increased risk of pancreatic cancer associated only with blood type A,
and not type B or AB, when compared with type O. To explore reasons for the diverse
findings, Risch et al. conducted a meta-analysis of 24 studies worldwide totaling 10,415
cases and 869,044 controls [31]. When the studies were stratified by cagA+ H. pylori
endemic (mostly East Asian populations) versus cagA non-endemic populations, an
increased risk of pancreatic cancer was associated with blood type A in all populations, but
with blood type B or AB only in cagA non-endemic populations (mostly Western
populations) [31]. However, this observation is not supported in our cohort study in Taiwan,
which is a cagA+ H. pyloriendemic population [32]. The reasons for the diverse findings are
unclear, but further assessment of interactions between ABO blood group and H. pylori
carriage and other exposures could be informative. We were unable to examine H. pylori
status as these data were not available in our study. The distributions of other potential
cancer risk factors, including smoking and alcohol drinking, body mass index, and physical
activity level, were not meaningfully different among people of various ABO blood groups
in our cohort.

The inverse associations of kidney cancer with blood types A, B, and AB in our study are
unexpected and in contrast to the elevated risk of renal cell cancer, the predominant form of
kidney cancer, associated with the respective blood types in two prospective cohorts of
health professionals [33]. This difference in findings cannot be explained by the inclusion of
renal pelvis cancer in our study since the risk of bladder cancer, which has similar histology
as renal pelvis cancer, is positively associated with blood types A, B, and AB. A registry-
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based study comparing kidney cancer cases to other cancer patients reported no association
with ABO blood type [4]. It is premature to link kidney cancer with ABO blood type based
on the limited and inconsistent evidence.

Our study also found a weak inverse association between overall cancer risk and blood type
AB compared to type O. To our knowledge, this observation has not been reported
previously. Confirmation in other studies is needed before we can draw any inference from
this finding.

The ABO blood group antigens are glycoproteins expressed on the surface of red blood cells
and other tissues, including epithelial cells of the gastrointestinal tract [34]. Glycoconjugates
are mediators of intercellular adhesion and membrane signaling and therefore can affect cell
proliferation and malignant progression [9,34]. These cell surface molecules are also
recognized by host immune response and may play a role in immunosurveillance of
malignant cells [9,34,35]. Furthermore, individuals with various ABO blood types have been
shown to have different inflammatory responses to H. pylori infection, indicated by the
release of different levels of proinflammatory cytokines [36]. The cagA strains of H. pylori
have been shown to modify the association between single nucleotide polymorphisms at the
ABO locus and risk of pancreatic and gastric cancers and precancerous lesions [28-31].
Together these observations suggest that ABO blood type may influence risk of gastric and
pancreatic cancers through differential immune function and inflammatory responses.
Although mechanisms have been proposed for other cancers, such as kidney cancer, the
evidence linking these cancers to ABO blood type is tenuous. Further evidence is needed
before mechanisms can be fully considered.

Our study has several notable strengths. The large study size provides an opportunity to
comprehensively examine the association between ABO blood type and cancer risks,
including risk of uncommon cancers. Misclassification of ABO blood type is minimized by
using a laboratory-based measurement. The relatively homogenous and stable study
population diminishes potential confounding by other factors. The unique personal
identification number and the availability of population-based cancer registry and vital
statistics registry, along with continuing health management for the cohort, enhance the
completeness and accuracy of follow-up for cancer incidence and mortality. Furthermore,
MJ is a homogenous cohort of individuals belonging to the same ethnicity (Han Chinese).
There are 98% Han Chinese in Taiwan. The original minority is only 2%. The distribution of
blood type of the study population is similar to the Han Chinese: A 20-39%; B 20-39%, and
O 30-40% [37]. Such a homogenous population could minimize potential confounding but
may limit the generalizability of our study findings to other populations with more diverse
prevalence of exposures. Our study is limited by the availability of only phenotype, and not
genotype, for the classification of individuals into ABO blood type. It has been shown that
compared with people with OO genotype, pancreatic cancer risk was higher among those
with AA or BB genotype than those with AO or BO genotype, respectively [28,38]. Similar
observations were also reported for gastric cancer, comparing groups with AA or AO with
those with OO genotype [31]. Since our study was unable to classify cohort participants by
ABO genotype, the cancer risk we observed for subjects with blood group A or B phenotype
may be underestimated relative to those with homozygous A or B genotype. Our study is
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also limited by not having information on H. py/oriand cag A status, which could be an
effect modifier in the relation between ABO blood group and risk of gastric and pancreatic
cancers. Lastly, the number of cases with blood type AB is small for the less common
cancers, despite the large study population.

5. Conclusion

In this cohort study with laboratory measured ABO phenotype, we confirmed previous
observations linking blood type A to an excess risk of stomach cancer. Compared to people
with blood type O, our study suggested that those with blood type A, B, or AB have an
elevated risk of pancreas cancer. Further studies are needed to identify the mechanisms
through which ABO blood type may influence risk of various cancers in different
populations.
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