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1  |  INTRODUC TION

Inflammatory bowel disease (IBD), which encompasses ulcerative 
colitis (UC) and Crohn's disease (CD), is a group of chronic and re-
lapsing inflammatory disorders of the intestine.1 Although the exact 
pathogenic mechanisms of IBD are not clear, it is widely accepted 
that IBD results from a dysregulated immune response to intestinal 
environmental antigens, such as intestinal microbiota and food anti-
gens in genetically susceptible individuals.

The ABO blood group system, which was the first genetic trait dis-
covered by Karl Landersteiner in the early 20th century, is divided into 
four phenotypic groups named A, B, AB and O. Red blood cells (RBCs) 
and various human cells express ABO antigens, including the intestinal 
epithelium.2 The ABO blood groups are relevant to immunohaema-
tology and transfusion medicine, and it is associated with the risk of 
various diseases, including cardiovascular diseases,3- 5 gastrointestinal 
cancers6,7 and autoimmune diseases.8- 10 Some studies addressed the 
potential role of ABO blood groups in IBD development.
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Abstract
Background: Blood group O has been reported to be a potentially protective factor 
for Crohn's disease (CD) susceptibility in Caucasian and Korean populations, but a 
similar conclusion was not found in a Chinese study. The present study investigated 
the potential association in the Chinese Han population.
Methods: We included 275 CD patients, 132 ulcerative colitis (UC) patients and 
1201 healthy individuals in this case- control study. The demographic characteristics 
and ABO blood group were compared among the three groups. The clinical charac-
teristics and treatment of CD were further investigated according to the blood group 
distribution.
Results: The blood group distribution in CD patients was significantly different from 
healthy controls, and the frequency of O blood in CD patients was significantly lower 
compared to healthy controls. After adjusting for age and gender, the non- O blood 
groups remained significantly associated with CD susceptibility in propensity score- 
adjusted and propensity score- matched analyses. Compared to CD patients with 
non- O blood groups, patients with O blood were at a lower risk of developing pen-
etrating disease, more likely to receive immunosuppressant treatment and less likely 
to receive biological treatment.
Conclusion: Our results confirmed that non- O blood groups were significantly associ-
ated with an increased risk of CD in the Chinese Han population.
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A previous study in a Caucasian population revealed that pa-
tients with non- O blood groups had a higher risk for CD.11 This 
study also found that the non- O blood groups were associated with 
a higher risk of developing a stricturing or penetrating disease. A re-
cent study in a Korean population showed a similar result that the O 
blood group was a protective factor against CD.12 However, the con-
clusions on the influence of ABO blood groups on CD are not consis-
tent. Yu et al. found that the ABO blood groups were not associated 
with CD risk in Southern China.13 The present study investigated the 
prevalence of blood groups in patients with CD and healthy controls 
in the Chinese Han population from Fujian Province in Southeast 
China. We also evaluated the association between the ABO blood 
groups and the disease characteristics of CD.

2  |  MATERIAL S AND METHODS

2.1  |  Subjects

The present study included 275 CD patients, 132 UC patients and 
1201 healthy controls. All subjects were recruited from the First 
Affiliated Hospital of Fujian Medical University, which is a tertiary 
care centre for the management of IBD in Fujian, between January 
2016 and December 2017. All subjects were of Chinese Han de-
scent. The diagnosis of IBD was established using clinical, endo-
scopic, radiological and histological criteria.14 Disease activity in CD 
patients was evaluated using the CD activity index (CDAI) score. 
Patients with a CDAI score less than 150 were considered inactive, 
and a CDAI score higher than 150 indicated active disease.15 The 
data, including demographic, body mass index (BMI), smoking status, 
history of intestinal surgery, disease duration and disease location 
and behaviour, were collected from electronic medical records for 
each patient during hospitalization. Information on medical treat-
ment was also collected. The ABO blood groups were tested using 
the standard agglutination method. The ABO blood group distribu-
tion is different between populations and ethnicities. Therefore, 
healthy subjects with Chinese Han ethnicity who received routine 
health checks, including blood group testing, in our centre were 
selected as controls. Patients with autoimmune diseases, tumours 
and IBD family history were excluded. Patients who did not author-
ize the use of their medical records for research were also excluded 
from the study.

2.2  |  Statistical analysis

Statistical analyses were performed using SPSS software (Version 
22.0; IBM SPSS, Chicago, IL, USA). Continuous normally distributed 
variables are presented as means ± standard deviation (SD) and were 
compared using Student's t- test. Categorical variables are presented 
as counts and proportion and were assessed using the Chi- squared 
or Fisher's exact test, as appropriate. Logistic regression was used 

for analysis of risk factors. Factors with p values less than 0.10 in the 
univariate analysis were included in the multivariate analysis.

Propensity score- adjusted and propensity score- matched analy-
ses were used to control the confounding factors. Logistic regression 
analysis was performed using age and sex to calculate propensity 
scores. Subsequently, a 1:1 case- control propensity score match-
ing without replacement was carried out using nearest- neighbour 
matching approach, with a calliper of 0.2 SD of the logit of the pro-
pensity score. A p values less than 0.05 was considered significant.

3  |  RESULTS

3.1  |  Baseline characteristics

A total of 275 patients with Crohn's Disease (CD), 132 patients with 
ulcerative colitis (UC) and 1201 healthy subjects who received blood 
group testing during a routine health check were included in our 
study. Compared to the healthy controls, the mean age of CD pa-
tients was younger (30.2 ± 12.0 vs. 33.7 ± 15.0 years, p < 0.001). 
The mean age of UC patients was older than the healthy controls 
(45.7 ± 14.4 years, p < 0.001). The proportion of females in the CD 
and UC groups was lower than the control group (36.0% vs. 54.7%, 
p < 0.001 and 34.8% vs. 54.7%, p < 0.001 respectively).

3.2  |  Distribution of ABO blood groups in 
different groups

The distribution of ABO blood groups in our study population is pre-
sented in Table 1. There were 94 (34.2%) CD patients with blood 
group A, 76 (27.6%) patients with blood group B, 28 (10.2%) patients 
with blood group AB and 77 (28.0%) patients with blood group O in 
the CD group. Among the 132 UC patients, there were 35 (26.5%) 
patients with blood group A, 37 (28.0%) patients with blood group B, 
6 (4.5%) patients with blood group AB and 54 (40.9%) patients with 
blood group O. In the healthy control group, there were 359 (29.9%) 
subjects with blood group A, 300 (25.0%) subjects with blood group 
B, 89 (7.4%) subjects with blood group AB and 453 (37.7%) subjects 
with blood group O. The ABO blood group distribution was statis-
tically comparable between the UC group and the control group 
(p = 0.46). However, the blood group distribution in CD patients 
compared to healthy controls was significantly different. The pro-
portion of blood group O in CD patients was significantly lower com-
pared to healthy controls (p = 0.002).

3.3  |  Association of ABO blood groups and risk of 
Crohn's disease

To investigate the possible role of ABO blood groups in the risk of 
CD, logistic regression analyses were performed (Table 2). Univariate 
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regression analysis revealed that age, gender and blood group O 
were significantly associated with the presence of CD. After adjust-
ing for age and gender, blood group O remained significantly associ-
ated with lower risk of CD in multivariate analysis (OR = 0.562, 95% 
CI: 0.342 ~ 0.924, p = 0.023). These results suggest that blood group 
O may be an independent protective factor for CD.

3.4  |  Propensity score analyses on ABO blood 
groups and risk of Crohn's disease

To estimate the effect sizes of the overall study population and 
increase the statistical power of our analysis, a propensity score- 
adjusted analysis was first performed (Table 3). Propensity score 
adjusted analysis revealed that individuals with non- O blood groups 
had a significantly higher risk of suffering from CD than those with 
blood group O (OR = 1.482, 95 CI: 1.106 ~ 1.985, p = 0.008). Of the 
different non- O blood groups, both blood groups A (OR = 1.475, 

95 CI: 1.052 ~ 2.068, p = 0.024) and AB (OR = 1.781, 95 CI: 
1.083 ~ 2.928, p = 0.023) were also had an increased risk of de-
veloping CD.

To further reduce the confounding effect of age and gender, a 
propensity score- matched analysis was then conducted. In total, 275 
CD cases and 275 controls were successfully matched. Both gen-
der and age were well balanced between cases and controls after 
matching. In the matched cohort, the positive association between 
non- O blood groups and risk of CD was replicated (OR = 1.794, 95 CI: 
1.256 ~ 2.562, p = 0.001). Similar results for blood groups A, B and AB 
were also obtained in the propensity score- matched analysis (Table 3).

3.5  |  Clinical characteristics of Crohn's disease 
patients according to blood phenotype

The clinical characteristics of CD patients were divided into an O 
blood group and Non- O blood groups, as shown in Table 4. Patients 

Groups

Blood type, n (%)

pA B AB O

CD (n = 275) 94 (34.2) 76 (27.6) 28 (10.2) 77 (28.0) 0.002*

UC (n = 132) 35 (26.5) 37 (28.0) 6 (4.5) 54 (40.9) 0.460*

Control (n = 1201) 359 (29.9) 300 (25.0) 89 (7.4) 453 (37.7)

Abbreviations: CD, Crohn's disease; Control, Healthy controls; UC, Ulcerative colitis.
*Compared to the Control group.

TA B L E  1 Distribution	of	ABO	groups	in	
patients with Crohn's disease, ulcerative 
colitis and healthy controls

Univariate

p

Multivariate

pOR (95% CI) OR (95% CI)

Age 0.982 (0.973 ~ 0.992) 0.000 0.984 (0.975 ~ 0.994) 0.001

Gender (Male) 2.147 (1.637 ~ 2.816) 0.000 2.128 (1.619 ~ 2.798) 0.000

A 1.218 (0.922 ~ 1.609) 0.165 0.827 (0.507 ~ 1.350) 0.447

B 1.147 (0.854 ~ 1.540) 0.362 0.787 (0.476 ~ 1.301) 0.350

AB 1.416 (0.906 ~ 2.214) 0.127 1.271 (0.769 ~ 2.100) 0.350

O 0.642 (0.481 ~ 0.856) 0.003 0.562 (0.342 ~ 0.924) 0.023

Abbreviations: CD, Crohn's disease; CI, confidence interval; OR, odds ratio.

TA B L E  2 Results	of	univariate	and	
multivariate analyses on ABO blood 
groups and risk of Crohn's disease

TA B L E  3 Results	of	propensity	score	analyses	on	ABO	blood	groups	and	risk	of	Crohn's	disease

Blood group

Propensity score- adjusted a Propensity score- matched

CDb Controlb OR (95% CI) p CDb Controlb OR (95% CI) p

O 77 (28.0) 453 (37.7) 1.0 (reference) 77 (28.0) 113 (41.1) 1.0 (reference)

A 94 (34.2) 359 (29.9) 1.475 (1.052 ~ 2.068) 0.024 94 (34.2) 79 (28.7) 1.746 (1.151 ~ 2.648) 0.009

B 76 (27.6) 300 (25.0) 1.403 (0.984 ~ 1.999) 0.061 76 (27.6) 64 (23.3) 1.743 (1.121 ~ 2.709) 0.014

AB 28 (10.2) 89 (7.4) 1.781 (1.083 ~ 2.928) 0.023 28 (10.2) 19 (6.9) 2.163 (1.128 ~ 4.145) 0.020

Non- O 198 (72.0) 748 (62.3) 1.482 (1.106 ~ 1.985) 0.008 198 (72.0) 162 (58.9) 1.794 (1.256 ~ 2.562) 0.001

Abbreviations: CD, Crohn's disease; CI, confidence interval; OR, odds ratio.
aPropensity score as a continuous covariate was integrated in the logistic regression model.
bData were expressed as N(%).
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with O blood had a lower risk of developing penetrating disease com-
pared to the non- O blood groups (OR = 0.425 95% CI: 0.197 ~ 0.917, 
p = 0.026). Patients with O blood were more likely to receive im-
munosuppressant treatment (OR = 2.326, 95% CI: 1.325 ~ 4.004, 
p = 0.002) and less likely to receive biological treatment (OR = 0.351, 
95% CI: 0.196 ~ 0.627, p < 0.001), which suggests that patients with 
O blood had a lower progressive disease behaviour.

4  |  DISCUSSION/CONCLUSION

The ABO blood group system was well established in the early 
1990s. ABO blood antigens are specific carbohydrate sugars, 
which are expressed on the surface of RBCs and various human 
cells and tissues, such as the gastrointestinal epithelium, vascular 
endothelium, platelets and sensory neurons.2 Therefore, beyond 

Patient characteristics Total
Non- O groups 
(n = 198)

O group 
(n = 77) p

275 198 (72.0) 77 (28.0)

Gender, n (%)

Male 176 (64.0) 124 (62.6) 52 (67.5) 0.447

Female 99 (36.0) 74 (37.4) 25 (32.5)

BMI (kg/m2), n (%)

<18.5 140 (50.9) 102 (51.5) 38 (49.4) 0.764

18.5 ~ 23.9 115 (41.8) 83 (41.9) 32 (41.6)

≥24 20 (7.3) 13 (6.6) 7 (9.1)

Disease duration, 
(mean ± SD), Mo

47.4 ± 53.0 46.5 ± 41.4 0.172

Disease activity, n (%)

Active disease 102 (37.2) 73 (37.1) 29 (37.7) 0.926

Inactive disease 172 (62.8) 124 (62.9) 48 (62.3)

Age at diagnosis, n (%)

A1(≤16	years) 41 (14.9) 33 (16.7) 8 (10.4) 0.342

A2(17 ~ 40 years) 198 (72.0) 138 (69.7) 60 (77.9)

A3 (>40 years) 36 (13.1) 27 (13.6) 9 (11.7)

Disease behaviour, n (%)

B1 (inflammatory) 121 (44.0) 84 (42.4) 37 (48.1) 0.399

B2 (stricturing) 98 (35.6) 67 (33.8) 31 (40.3) 0.318

B3 (penetrating) 56 (20.4) 47 (23.7) 9 (11.7) 0.026

Perianal disease 127 (46.2) 89 (44.9) 38 (49.4) 0.551

Disease location, n (%)

L1 (ileal) 26 (9.5) 16 (8.1) 10 (13.0)

L2 (colonic) 17 (6.2) 16 (8.1) 1 (1.3) 0.062

L3 (ileocolonic) 232 (84.4) 166 (83.8) 66 (85.7)

L4 (upper disease) 91 (33.1) 62 (31.3) 29 (37.7) 0.315

Smoking status, n (%)

Non- smoker 243 (88.4) 179 (90.4) 64 (83.1) 0.185

Current smoker 17 (6.2) 11 (5.6) 6 (7.8)

Former smoker 15 (5.5) 8 (4.0) 7 (9.1)

Medical treatment, n (%)

5- ASA 144 (52.4) 100 (50.4) 44 (57.1) 0.322

Steroids 48 (17.5) 35 (17.7) 13 (16.9) 0.867

Immunosuppressants 134 (48.7) 85 (42.9) 49 (63.6) 0.002

Biologicals 119 (43.3) 99 (50.0) 20 (26.0) 0.000

Intestinal surgery history 46 (16.7) 35 (17.7) 11 (14.3) 0.499

Abbreviations: 5- ASA, 5- aminosalicylic acid; BMI, Body mass index; Mo, Month;SD, standard 
deviation; y, years.

TA B L E  4 Clinical	characteristics	of	
Crohn's disease patients according to 
blood type
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its role in transfusion medicine, a growing body of studies exam-
ined the role of ABO blood groups in the susceptibility to various 
diseases, including cancers,6,7 cardiovascular diseases,3- 5 infec-
tious diseases16,17 and autoimmune diseases.8- 10 Previous studies 
revealed that patients with non- O blood groups had a higher risk 
for CD in the Caucasian population11 and Korean population.12 
Forni et al.11 found that non- O blood groups predisposed to de-
veloping a more severe disease behaviour. Our study also revealed 
similar results that individuals with non- O blood groups had a 
higher risk of developing CD, even after adjusting for potential con-
founders, which was repeated in both propensity score- adjusted 
and propensity- score- matched analyses. Moreover, we also found 
that CD patients with non- O blood groups had had a higher risk 
of developing penetrating disease and increased probability of 
receiving immunosuppressant treatment and lower probability of 
biological treatment. However, a study in Southern China failed to 
draw similar conclusions about the influence of ABO blood groups 
on CD.13 This discrepancy may be attributed to the different ABO 
blood group distributions between regions and different inclusion 
criteria between these studies.

The exact underlying mechanisms of how ABO blood antigens 
affect the pathogenesis and progression of CD remain mostly un-
clear. The intestinal microbiota composition is an important aspect 
of the pathogenesis of IBD, and host genetic factors influence this 
composition to some extent. Previous investigations revealed that 
ABO blood groups modulated gut microbiota composition in healthy 
subjects.18,19 Galactoside 2- α- L- fucosyltransferase 2 (FUT2) is en-
coded by the FUT2 gene, and it is a membrane protein that is respon-
sible for the formation of ABO antigens, their gastrointestinal tract 
presentations and body secretions.20 Loss- of- function mutation of 
the FUT2 gene was significantly associated with the predisposition 
to CD.11,21 Two recent large cohort studies failed to identify any 
association between FUT2 genotype and faecal microbiota compo-
sition,22,23 but the FUT2 genotype affects the composition and func-
tion of intestinal mucosa- associated microbiota in CD patients and 
healthy individuals.24,25

Genetic variants of the ABO gene contribute to circulating in-
flammatory marker levels, which provide a plausible mechanism 
for the association of ABO blood groups in CD susceptibility. A 
genome- wide association study (GWAS) of 6145 subjects con-
firmed that single- nucleotide polymorphisms (SNPs) in the ABO 
gene were significantly associated with circulating interleukin- 6 
(IL- 6) levels, which is a pro- inflammatory molecule that is involved 
in the development of CD.26 Another GWAS in a British population 
demonstrated a similar association between variants in the ABO 
gene and IL- 6 levels.27

The present study had several limitations. Firstly, due to the 
nature of retrospective studies, some additional information about 
risk factors and clinical outcomes were unavailable in the medical 
records. Secondly, it is a single- centre study that included a relatively 
small sample size, which may not be sufficient to reach significant 
statistical differences in subgroup comparisons. Thirdly, the dis-
tribution of ABO blood group differs geographically and between 

ethnicities. Therefore, our results may not be extended to other 
ethnicities.

In conclusion, our results confirmed that non- O blood groups 
were significantly associated with an increased risk of CD in this 
Chinese Han population, similar to the results in the Caucasian and 
Korean populations. Additional investigations are warranted to fur-
ther elucidate the exact mechanisms of how ABO blood groups af-
fect the pathogenesis and progression of CD.
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