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Abstract: Association between ABO blood group and rheumatic diseases is not well characterized. This study assessed distribution
of ABO blood group and Rh factor in patients with rheumatic diseases and healthy blood donors. We retrospectively evaluated data of
patients with rheumatic diseases who attended the hospital from September 2015 to January 2020, and the documented evidence of
blood group of healthy blood donors. Data from 5000 healthy donors and 3165 patients with rheumatic disease were assessed. Overall,
blood type O was the most prevalent (42.94% and 43.14%) followed by B (33.21% and 30.08%), A (17.66% and 21.48%) and AB
(6.19% and 5.30%) in patients with rheumatic disease and healthy donors, respectively. This distribution was statistically different
between the groups, with blood group A being more common in healthy donors than in patients with rheumatic disease (P<0.0001).
Distribution of ABO groups among rheumatic disease types was similar (P=0.2921). More individuals had Rhesus (Rh) (+) factor
(93.97%) than Rh (-) (6.03%), however, its distribution was comparable across healthy donors and patients with rheumatic disease
(P=0.1145). Patients with blood group A had significantly lower risk of developing rheumatic diseases compared to blood group O
(OR [95% CI]: 0.94 [0.780, 1.134]; P<0.0318). Similarly, patients bearing blood type A+ (0.98 [0.62, 1.54]; P=0.0037) and O+ (1.08
[0.694, 1.68]; P=0.0215) were at a lower risk for developing rheumatic diseases compared to those with O- blood group. The most
common blood type was O followed by B, A and AB in patients with rheumatic disease and healthy donors. Individuals with blood
group A had lower risk of developing rheumatic diseases compared to other blood types.
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surface of red blood cells (RBCs) [7, 8]. According to the Rh

1. Introduction

Rheumatic diseases are a group of autoimmune disorders of
musculoskeletal system and connective tissue affecting a wide
range of age groups and causes disability in terms of poor
quality of life, loss of productivity ultimately leading to
significant health and socioeconomic burden [1, 2].
Pathogenesis of rheumatic diseases is multifactorial, involving
various genetic and environmental risk factors [3, 4]. Both ABO
and Rhesus (Rh) blood group systems have been important
genetic factors associated with rheumatic diseases [5, 6].

In 1901, Karl Landsteiner discovered the ABO blood type
system and classified blood groups as A, B, AB or O based
on the presence or absence of A and B antigens on the

system, blood groups can also be classified as either Rh (-) or
Rh (+) depending on the presence of Rh D antigen on the
surface of RBCs [9]. The ABO antigens are complex
carbohydrates that are additionally expressed on the
epithelium, neurons, platelets, and vascular endothelial cells
[7, 10]. Beside their variable structural diversity, they are
involved in immune mechanisms that render susceptibility or
protection against diseases [11]. Association between blood
group A and risk of stomach cancer was first reported in
1953, and that of ABO and Rh blood groups with cancer [12,
13], hypercoagulability [14], infections [15, 16], and diabetes
mellitus [17] have been demonstrated subsequently.

The interactions between the products of ABO gene and
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proinflammatory cytokines like tumor necrosis factor a and
intercellular adhesion molecule 1 (ICAM-1) have been
implicated in systemic inflammatory response [18, 19]. These
proinflammatory cytokines play a critical role in pathogenesis
of rheumatic diseases [20-22]. Therefore, ABO antigen
system may be involved in key immune mechanisms that are
involved in pathogenesis and progression of rheumatic
diseases. Recently, a case-control study suggested an
association between AB blood group and the occurrence and
severity of primary knee osteoarthritis (OA) [18]. However,
only few studies evaluated the relationship between rheumatic
diseases and blood types [5, 6]. The comparison of
distribution of blood types in Indian patients with and without
rheumatic disease has not been published so far. In this study,
we compared the distribution of ABO and Rh blood types
between patients with rheumatic diseases, and that of healthy
blood donors. The study also assessed the association between
types of rheumatic diseases and ABO and Rh blood groups.

2. Methods
2.1. Study Design and Methodology

This was a retrospective observational study conducted at
the Department of Rheumatology, Yashoda Hospital,
Secunderabad, Telangana, India. The anonymized medical
records of patients with rheumatic diseases who attended
hospital from September 2015 to January 2020 and the
documented evidence of blood group of healthy blood donors
were collected. Rheumatic diseases studied were adult-onset
Still’s disease (AOSD), chikunguniya arthritis, enteropathic
arthritis (EA), fibromyalgia, gout, idiopathic inflammatory
myopathies (IIM), granulomatosis with polyangiitis (GPA),
mixed connective tissue disease (MCTD), OA, primary
antiphospholipid syndrome (APS), primary Sjogren’s
syndrome (primary SS), psoriatic arthritis (PsA), rheumatoid
arthritis (RA), rhupus, sarcoidosis, systemic lupus
erythematosus (SLE), spondyloarthritis (SpA), systemic
sclerosis (SSc), vasculitis and inflammatory arthritis:
undifferentiated (UD).

2.2. Data Collection and Study Outcomes

Data regarding age, gender ABO and Rh blood types and

the type of rheumatic disease were collected from medical
records. The main study outcome was the distribution of ABO
and Rh blood groups in patients with rheumatic disease and
healthy donors. Association between rheumatic diseases and
the ABO and Rh blood groups, and gender was determined
statistically.

2.3. Ethics

The study was approved by the Institutional Ethics
Committee and was conducted in accordance with the
principles of the Declaration of Helsinki. As this was a
retrospective study, a waiver for obtaining informed consent
from patients with rheumatic disease was granted. Individuals
with good health, mental alertness and physical fitness were
selected as healthy blood donors, and were required to
complete a registration form. The signed questionnaire
document and informed consent were then obtained from
them.

2.4. Statistical Analysis

The statistical evaluation of data was performed using
SAS® version 9.4, SAS Institute Inc., Cary, North Carolina,
USA. The data are presented as numbers and percentages. A
chi-square test was used to evaluate categorical data, and
logistic regression analysis was performed to assess the
relationship between gender, ABO and Rh blood groups and
rheumatic diseases. The statistical analysis was performed at
95% confidence interval and P<0.05 was considered
statistically significant.

3. Results

Overall, data of 8165 individuals (healthy donors [n=5000]
and patients with rheumatic disease [n=3165]) were included
in this study (Table 1). The mean age of patients with
rheumatic diseases was 45.56+£13.08 years and that of healthy
individuals was 30.20+7.78 years (P<0.0001). Gender
distribution was not homogeneous between the groups with a
remarkably higher percentage of men in the group of healthy
individuals than in the group of patients with rheumatic
diseases (98.64% [n=4932] vs. 28.25% [n=894], P<0.0001).

Table 1. Distribution of ABO and Rh blood groups in patients with RD and healthy individuals

Patients with RD, n=3165 Healthy individuals, n=5000 Total, N=8165 Significance

Age, years 45.56+13.08 30.20+7.78 - P<0.0001*
¥*=4698.56

Men 894 (28.25) 4932 (98.64) 5828 (70.84) df=1
P<0.0001

Blood group

A 559 (17.66) 1074 (21.48) 1633 (20.00) #=22.94

B 1051 (33.21) 1504 (30.08) 2555 (31.29) df=3 ’

(0] 1359 (42.94) 2157 (43.14) 3516 (43.06) P<0.0001

AB 196 (6.19) 265 (5.30) 461 (5.65) ’

Rh (+) 295 (93.49) 4714 (94.28) 7673 (93.97) 1=2.13
df=1

Rh (-) 206 (6.51) 286 (5.72) 492 (6.03) P=0 1445

Data are presented as n (%) or mean+SD, *using t-test. Rh- Rhesus, RD- Rheumatic diseases
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Distribution of ABO and Rh blood types in both groups is
presented in Table 1. In total, 3516 (43.06%) patients had blood
group O; 2555 (31.29%), B; 1633 (20.00%), A; and 461
(5.65%), AB. When compared between the groups, blood type
A was more common in healthy donors compared to patients
with rheumatic diseases (21.48% vs. 17.66%, ¥*=22.94;

P<0.0001). According to Rh classification, overall 7673
(93.97%) patients were Rh (+) and 492 (6.03%) patients were
Rh (-). The Rh (+) blood group was more prevalent compared to
Rh (-) in healthy donors and in patients with rheumatic diseases,
and no difference was observed in the Rh distribution between
the groups (¥*>=2.13; P=0.1445) (Table 1).

Table 2. Distribution of ABO blood groups in patients with RD

Distribution of patients according to ABO blood groups, n (%)

Type of RD A AB B o Total Type of RD
AOSD 0 (0.00) 0 (0.00) 1 (100.00) 0 (0.00) 1 (100)

Chikungunya arthritis 2 (40.00) 0 (0.00) 2 (40.00) 1 (20.00) 5(100)

EA 2 (66.67) 0 (0.00) 1(33.33) 0 (0.00) 3 (100)

Fibromyalgia 0 (0.00) 0 (0.00) 0 (0.00) 1 (100.00) 1 (100)

Gout 25 (21.37) 5(4.27) 32 (27.35) 55(47.01) 117 (100)

GPA 1(33.33) 0 (0.00) 0 (0.00) 2 (66.67) 3 (100)

Inflammatory arthritis: UD 1 (25.00) 0 (0.00) 3 (75.00) 0 (0.00) 4 (100)

M 1(14.29) 1(14.29) 0 (0.00) 5(71.43) 7 (100)

MCTD 5(10.87) 4 (8.70) 17 (36.96) 20 (43.48) 46 (100) ¥*=62.34
OA 49 (15.56) 19 (6.03) 101 (32.06) 146 (46.35) 315 (100) df=57
APS 0 (0.00) 0 (0.00) 3 (60.00) 2 (40.00) 5(100) P=0.2921
Primary SS 18 (24.00) 4(5.33) 28 (37.33) 25 (33.33) 75 (100)

PsA 20 (18.35) 12 (11.01) 39 (35.78) 38 (34.86) 109 (100)

RA 246 (16.18) 89 (5.86) 526 (34.61) 659 (43.36) 1520 (100)

Rhupus 4 (21.05) 2 (10.53) 3 (15.79) 10 (52.63) 19 (100)

Sarcoidosis 0 (0.00) 0 (0.00) 1 (25.00) 3 (75.00) 4 (100)

SLE 39 (17.11) 11 (4.82) 82 (35.96) 96 (42.11) 228 (100)

SpA 138 (20.72) 45 (6.76) 200 (30.03) 283 (42.49) 666 (100)

SSc 7 (25.00) 4 (14.29) 9(32.14) 8(28.57) 28 (100)

Vasculitis 1 (11.11) 0 (0.00) 3 (33.33) 5 (55.56) 9 (100)

AOS- Adult-onset Still’s disease, EA- Enteropathic arthritis, GPA- Granulomatosis with polyangiitis, IIM- Idiopathic inflammatory myopathies, MCTD-
Mixed connective tissue disease, OA- Osteoarthritis, APS- Primary antiphospholipid syndrome, SS- Sjogren’s syndrome, PsA- Psoriatic arthritis, SLE-
Systemic lupus erythematosus, RD- Rheumatic disease, RA- Rheumatoid arthritis, SpA- Spondyloarthritis, SSc- Systemic sclerosis, UD- Undifferentiated

Table 3. Distribution of Rh blood type in patients with RD

Distribution of patients according to Rh blood types, n (%)

Type of RD Rh () Rh () Total, N (%) Significance
AOSD 1 (100.00) 0 (0.00) 1 (100)

Chikungunya arthritis 5 (100.00) 0 (0.00) 5 (100)

EA 3 (100.00) 0 (0.00) 3 (100)

Fibromyalgia 1 (100.00) 0 (0.00) 1 (100)

Gout 111 (94.87) 6(5.13) 117 (100)

GPA 3 (100.00) 0 (0.00) 3 (100)

Inflammatory arthritis: UD 4 (100.00) 0 (0.00) 4 (100)

M 7 (100.00) 0 (0.00) 7 (100)

MCTD 42 (91.30) 4 (8.70) 46 (100) #=6.299
OA 296 (93.97) 19 (6.03) 315 (100) df=1§
APS 5(100.00) 0 (0.00) 5 (100) P=09971
Primary SS 68 (90.67) 7(9.33) 75 (100) ’
PsA 101 (92.66) 8(7.34) 109 (100)

RA 1420 (93.42) 100 (6.58) 1520 (100)

Rhupus 19 (100.00) 0 (0.00) 19 (100)

Sarcoidosis 4 (100.00) 0 (0.00) 4 (100)

SLE 213 (93.42) 15 (6.58) 228 (100)

SpA 621 (93.24) 45 (6.76) 666 (100)

SSc 26 (92.86) 2 (7.14) 28 (100)

Vasculitis 9 (100.00) 0 (0.00) 9 (100)

AOSD- Adult-onset Still’s disease, EA- Enteropathic arthritis, GPA- Granulomatosis with polyangiitis, IIM- Idiopathic inflammatory myopathies, MCTD-
Mixed connective tissue disease, OA- Osteoarthritis, APS- Primary antiphospholipid syndrome, SS- Sjogren’s syndrome, PsA- Psoriatic arthritis, SLE-
Systemic lupus erythematosus, RD- Rheumatic disease, RA- Rheumatoid arthritis, SpA- Spondyloarthritis, SSc- Systemic sclerosis, UD- Undifferentiated

Although no specific pattern was observed in the distribution
of ABO blood groups (y*=62.34, P=0.2921) in patients with

different types of rheumatic diseases, blood type O was more
common in patients with fibromyalgia, gout, GPA, IIM, MCTD,
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OA, RA, rhupus, sarcoidosis, SLE, SpA, and vasculitis (Table
2). In addition, results show that blood group B was commonly
observed in patients with AOSD, inflammatory arthritis: UD,
APS, primary SS, PsA and SSc. In patients with chikunguniya
arthritis, blood types A and B were equally distributed, while
blood group A was more common in patients with EA. Blood
group AB was least commonly observed in patients with
different types of rheumatic diseases.

The Rh distribution in patients with different types of
rheumatic diseases is summarized in Table 3. Rh (+) was more
prevalent in all types of rheumatic diseases with overall
distribution of Rh groups being similar among patients with
different types of rheumatic diseases (¥>=6.299, P=0.9971).

Overall, females had higher risk of rheumatic diseases
compared to males (OR [95% CI]: 184.46 [143.41 - 237.25];
P<0.0001) (Table 4). Due to a negative association
(correlation coefficient: -0.1535) of blood group A with

rheumatic diseases, those patients were at a 6 times lower risk
for developing rheumatic diseases compared to blood group O
(0.94[0.78 - 1.14]; P<0.0318) (Table 4). When Rh blood type
and ABO grouping were integrated, patients with A+ blood
group (0.975 [0.618 - 1.538]; P=0.0037), followed by O+
(1.076 [0.693 - 1.68]; P=0.0215), had lesser risk for rheumatic
diseases compared to those with O- group (Table 4).
Considering non-homogeneous distribution of gender
between patients of both groups, logistic regression for
gender-matched cohort was applied and the results showed
that patients with blood group A were significantly less likely
to be associated with rheumatic diseases (correlation
coefficient: -0.2087) compared to those with blood group O
(Table 5). Reportedly, other blood types were not predisposing
factors that could be associated with the risk for rheumatic
diseases.

Table 4. Summary of results for relationship between blood types and RD obtained from logistic regression

Likelihood estimates for relationship of blood type and Rh type with RD

Estimate SE Wald chi-square  OR (95% CI) P - value
Intercept 1.03 0.09 119.48 - <0.0001
Gender Female vs. male 2.61 0.06 1650.67 184.46 (143.41-237.25) <0.0001*
ABO Avs.O -0.15 0.07 4.61 0.94 (0.78-1.14) 0.0318*
Bvs.O 0.05 0.06 0.67 1.16 (0.99-1.36) 0.4141
ABvs. O 0.20 0.11 3.36 1.34 (1.00-1.79) 0.0667
Rh Rh (+) vs. Rh (-) -0.10 0.07 1.99 0.82 (0.62-1.08) 0.1582
Likelihood estimates for relationship of blood types (combined +/-) with RD
Estimate SE Wald chi-square  OR (95% CI) P - value
Intercept 1.10 0.11 102.50 - <0.0001
Gender Female vs. male 2.61 0.06 1651.32 185.10 (143.90-238.11) <0.0001*
ABO A+ vs. O- -0.34 0.12 8.44 0.98 (0.62-1.54) 0.0037*
A-vs. O- 0.21 0.28 0.57 1.69 (0.82-3.51) 0.4510
B+ vs. O- -0.12 0.11 1.20 1.22 (0.78-1.90) 0.2725
B- vs. O- 0.16 0.22 0.51 1.61 (0.86-2.99) 0.4769
AB+ vs. O- 0.01 0.16 0.004 1.39 (0.83-2.31) 0.9479
AB-vs. O- 0.64 0.51 1.61 2.61 (0.78-8.68) 0.2050
O+ vs. O- -0.24 0.10 5.29 1.08 (0.69-1.68) 0.0215*
*significant, + positive, - negative, RD- Rheumatic disease, Rh- Rhesus
Table 5. Summary of logistic regression models showing relationship between gender, ABO and Rh blood type and RD
Logistic regression model Model 1 Model 2 Model 3 Model 4
T IR Gender (F) 2.6087 - 2.6086 2.6082
coofficient ABO (A) -0.1537 -0.2087 - -0.1544
Rh (+) -0.0993 -0.0680 -0.0987 -
Cox & Snell 0.4777 0.0031 0.4772 0.4776
Model statistics Nagelkerke 0.6482 0.0042 0.6475 0.6481
P - value <0.0001 <0.0001 <0.0001 <(0.0001

Model 1- combined effect of gender, ABO and Rh blood group, Model 2- Relationship in gender-matched cohort, Model 3- Relationship in ABO-matched
cohort, Model 4- Relationship in Rh blood type matched cohort, Rh- Rhesus, RD- Rheumatic diseases

the blood group A was significantly different between the
groups. For Rh blood types, prevalence of Rh (+) was more
common and the distribution of Rh (+) and Rh (-) was similar
in patients with rheumatic diseases and healthy donors.
Association between the ABO blood group system and
various diseases has been reported in several studies [12-18].
To our knowledge, three studies have reported an association
between ABO types and rheumatic disease until date [5, 6, 23].
Stoia et al. was the first to study the relationship between ABO

4. Discussion

In this retrospective observational study, we assessed the
distribution of ABO and Rh blood groups in Indian patients
with rheumatic diseases and healthy individuals. The most
common blood type observed in all the rheumatic diseases
was O followed by B, A and AB. On comparing blood groups
of patients with rheumatic diseases and healthy blood donors,
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system in rtheumatic diseases, and reported blood group A to be
the most common followed by O, B and AB [23]. Two other
studies in 2017 and 2019 reported similar patterns of ABO
distribution, where the most prominent was type A, followed by
O, B and AB [5, 6]. Results of our study are different as the
most common blood group observed in the cohort of Indian
patients of our study was O followed by B, A and AB. Further,
correlation analysis showed that prevalence of rheumatic
diseases was lesser in patients with blood group A, and even
after integrating ABO type with Rh +/- type in logistic
regression, patients with A+ blood group showed lower risk for
rheumatic diseases. Distribution of blood groups is known to
vary geographically indicating an influence of race and
ethnicity. Moreover, in a given population, blood group
distribution may vary based on environmental factors,
prevalence of various diseases, immigration and exogamous
marriages within different ethnic groups [24]. Therefore,
different nationalities and races could be the reason behind
contradicting observations obtained in this Indian study.

Based on the existing scientific literature, overall
distribution of ABO groups in India shows that B is the
common blood group in northern and western India whereas
in the eastern, southern and central parts, O was reportedly the
most prevalent blood group [25]. A multi-centric study by
Agrawal et al. reported O blood group to be the most common
(37.12%), which was closely followed by B (32.26%), A
(22.88%), and AB (7.74%); and among them 94.61% were Rh
(+) in the Indian healthy blood donors [26]. Our findings are
similar to those reported by Agrawal et al. [26] as blood group
O was predominant followed by B, A and AB groups; and Rh
(+) blood type was predominant in healthy blood donors.
Cumulatively, O was the dominant blood group in the Indian
population [25, 26]. Distribution of blood groups followed
similar trend in healthy blood donors and patients with
rheumatic disease in our study. In line with the previous
studies [5, 6, 23, 27], our data shows that AB was the least
common blood type in patients with rheumatic diseases.
Recently, it was reported that A and Rh (+) blood types were
found to be more prevalent among patients with RA, SpA,
connective tissue disorders and vasculitis; whereas O and Rh
(+) blood types were more common in those with SLE, SSc
and SS [6]. However, in our study for RA, SpA and SLE,
blood type O, and in primary SS and SSc, blood type B was
more prevalent in patients. Other studies reported higher
prevalence rate of blood type O in patients with SpA [27], and
A in those with discoid lupus erythematosus [28]. Additionally,
in contrast to the association of blood type AB with primary
OA published previously in a case-control study, our study
shows blood group O to be more prevalent in patients with OA
[18]. Further, blood types A and B were equally prevalent in
patients with chikunguniya arthritis in our study, which
contrasted to the association between types AB and A reported
previously by Kumar et al. [15] There are no existing studies
until date that show association of ABO and Rh blood groups
for AOSD, EA, fibromyalgia, gout, GPA, inflammatory
arthritis: UD, APS, PsA, rhupus and sarcoidosis. Whereas, our
study reported that blood type O was more common in patients

with fibromyalgia, gout, GPA, rhupus and sarcoidosis; type B
was commonly seen in those with AOSD, inflammatory
arthritis: UD, APS and PsA; and type A, in patients with EA.

Overall, this study reports similar as well as divergent
results compared to previously published studies. This could
be due to different factors such as genetics, diet, environment,
lifestyle, etc. that might have influenced the onset of diseases
with complex genetic etiologies. Blood groups have been
previously shown as hematological markers, and the
relationship of ABO and Rh blood types with various diseases
have been documented; however, the underlying mechanisms
involved in the pathogenesis of diseases, remains unclear [7,
12, 14]. Various proinflammatory cytokines, adhesion
molecules, and genetic predisposition (human leukocyte
antigen (HLA) genes) have been implicated in the
pathogenesis of rheumatic diseases [5, 20-22, 29]. Similarly,
any possible relationship of these factors and ABO antigens
could explain the diverse distribution of ABO blood type in
rheumatic diseases [2, 6, 18, 19].

To the best of our knowledge, the present study is a
first-of-its-kind addressing an association between rheumatic
diseases and blood types in the Indian cohort. Strength of our
study could be attributed to the large population size of both
healthy donors and patients with theumatic diseases. However,
this study was conducted at a single center that reported data
from Southern India. Hence, the results may not be
representative of the other regions of the country or be
corroborated as real-world data. Additionally, no genetic
analysis was carried out as it was beyond the scope of the study.
In addition, the gender distribution was not homogeneous
between the groups. Hence, a multi-centric study with genetic
analyses could be carried out in the future that could help meet
the healthcare challenges related to rheumatic diseases.

5. Conclusion

Our study is the first to show a relationship of ABO and Rh
blood groups with rheumatic diseases in Indian patients.
Blood type O was the most common ABO type and Rh (+)
was the most common Rh type in healthy donors and in
patients with rheumatic diseases. Distribution of ABO groups
among rheumatic disease types was similar. Individuals with
blood type A are less likely to develop rheumatic diseases
compared to other blood types. However, a multi-centric study
across India involving a larger patient population is warranted.
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