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Abstract
Introduction: ABO and Rhesus (Rh) blood group antigens play a role in the etiology of many diseases. The aim of this study
is to determine their effects (the effects of these antigens) on the development of osteoporosis.
Methods: We retrospectively analyzed all patients, who underwent kyphoplasty for osteoporotic vertebral corpus fractures
between May 2014 and October 2019 in Balikesir University Hospital. Age, gender, fracture levels, T-scores, visual analog scale
scores, oswestry disability index scores, and blood groups were taken from the hospital data system and recorded for each
patient. The data of blood group distribution among the study patients were compared with the data of healthy individuals
in the same region.
Results: ABO blood groups results were not statistically significant in terms of the risk of developing osteoporotic vertebral
fractures (OVFs). “Rh positive” blood type is associated with a high incidence of OVFs (91.5%) and the “Rh negative” blood
group has the least association with OVFs (8.5%). Comparison of healthy controls with the OVF group revealed that Rh positive patients were at higher risk of OVF development. (p=0.026).
Discussion and Conclusion: The findings of this study show that in addition to environmental and genetic factors, Rh blood
antigen is also effective in the development of osteoporosis.
Keywords: ABO blood group; osteoporosis; osteoporotic vertebral fracture; Rh blood group.

O

steoporosis is a skeletal disease which presents itself
with an increase in bone fragility and possibility of fracture because of decreased bone mass and weakened bone
structure. It is asymptomatic until complications such as fracture or vertebral body deformity occur [1]. However, one of
the most common complaints of these patients is back pain,
which is caused by small fractures due to osteoporosis in the
spine. Fractures caused by osteoporosis are mostly seen in

the spine. These spinal fractures, called vertebral compression fractures, occur in approximately 700.000 patients every
year [2,3]. Vertebral compression fractures are seen twice as
much as other fractures typically associated with osteoporosis such as hip and wrist fractures [4]. Bone mineral density
(BMD) is the most important factor that causes the fractures
in osteoporosis. However, strength of the bone does not
only depend on BMD. Osteoporosis is accepted in the group
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of multifactorial diseases, in which genetic factors and environmental effects play a role [5,6].
Genetic factors play an important role in the formation of
components that provide strength to the bone. Especially,
bone-specific alkaline phosphatase and lysine hydroxylase
are two important molecules in the formation and durability of the bone. Alkaline phosphatase is a sensitive and specific marker of bone formation and is also an indicator for
it. Lysine hydroxylase is a collagen-specific protein. Lysine
and hydroxylysine which are found in the collagen, form
post-translational cross-links, which stabilizes the collagen
and helps increase bone durability [7-9]. These two molecules are synthesized in the Alkaline Phosphatase (ALPL)
Gene and Lysine Hydroxylase (PLOD) Gene genetic codons,
which are located at the 1p36 locus [10]. Alternations in
these genetic codons have been shown to increase the risk
of osteoporosis by causing bone mineral loss [11-15].
Although the entire human population shares similar ABO
and Rhesus (Rh) blood groups (types), the frequency and
distribution vary between countries and races. ABO and
RHD antigens are polymorphic, antigenic and genetic substances that are found mostly on the surface of red blood
cells [16]. Hereditary polymorphic traits transferred between humans are found in blood group antigens and are a
useful and valuable resource, due to not being affected by
environmental factors. The ABO blood group system consists of four basic groups (A, B, O, AB), depending on the
presence of A and B antigens, and the genetic localization
of ABO blood group antigens is in region 9q34.2 [17]. The Rh
blood group system antigens are encoded by two pairs of
allele genes which are RHD and RHCcEe. The main antigen
of this group is RHD and the group is classified as RH (+) or
RH (−) depending on the presence of the RHD antigen. RH
blood group antigens are located in the 1p36 gene localization [18].
After being defined in the early 1900s, ABO and RH blood
groups have been shown to be associated with various
diseases such as cancer, infections, hip fractures, rheumatoid arthritis, cardiovascular, and cerebrovascular diseases
[19,20]. In recent studies, it has been shown that enzymes
that originate from the same gene loci with the antigenic structures of ABO and RH groups play an important role in folate metabolism, which increases the risk of
myelomeningocel formation [21].
It has been shown that alkaline phosphatase and lysine hydroxylase enzymes which cause osteoporosis in their deficiency, and RH blood group antigens originate from the
same gene locus (Table 1).

Table 1. Gene localization
		
Rh protein family
RhD gene
RhCcEe gene
Matrix-related enzymes
ALPL gene
PLOD gene

Genetic Loci
1p36
1p36
1p36
1p36

ALPL: Alkaline phosphatase; PLOD: Lysine hydroxylase.

Our aim in this study is to evaluate the relationship between the distribution of ABO and/or RH blood group antigens and the risk of developing osteoporosis in the Turkish
population.

Materials and Methods
This study has been approved by Balıkesir University Ethics
Committee (Approval date: 08.04.2020/53). We retrospectively analyzed all patients, who underwent kyphoplasty
for osteoporotic vertebral corpus fractures between May
2014 and October 2019 in Balikesir Universty Hospital. Age,
gender, fracture levels, T-scores, visual analog scale scores,
oswestry disability index scores, and blood groups were
taken from the hospital data system and recorded for each
patient. T-scores and blood groups were taken from the
hospital data system and recorded for each patient. T-score
measurements were performed using the Dual Energy XRay Absorptiometry method. Patients with osteoporotic
vertebral fractures (OVFs) due to use of steroids were excluded from the study. The blood group distribution data
among our patients were compared with the most comprehensive data collected from 123,900 healthy individuals
from the same region [22].

Results
Three hundred seven patients who were diagnosed with
OVF and operated on were retrospectively evaluated. Two
hundred twenty seven (73.9%) of the patients included in
the study were female and 80 (26.1%) were male. The mean
age was 69±4.3 (range 60–79). The most common osteoporotic compression fracture was observed in the vertebral
corpus of L1 (n=117), while the least number of fractures
were observed in the L3 (n=15) vertebral corpus. The main
characteristics of the study population are summarized in
Table 2. The distribution of blood group antigens in patients
with OVF between national blood group frequencies was
different. The distribution of blood groups in patients are as
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Discussion

Table 2. Characteristics of the patients
		

n (%)

Gender
Females
Males
Age
Females
Males
Lesion level
T11
T12
L1
L2
L3
L4
L5
Blood groups
A
B
O
AB
Rh+
Rh−

227 (73.9)
80 (26.1)
68.9±4.31
69.1±4.25
47 (15.3)
38 (12.4)
117 (38.1)
42 (13.6)
15 (4.9)
31 (10.7)
17 (5.5)
127 (41.3)
57 (18.6)
93 (30.3)
30 (9.8)
281 (91.5)
26 (8.5)

following: A: 127 (41.3%), B: 57 (18.6%), O: 93 (30.3%), AB:
30 (9.8%), Rh+: 281 (91.5%), Rh−: 26 (8.5%) (Table 3). When
the patients are compared with the healthy control group;
while the ratio of groups A and O decreased, it was observed
that the ratio of groups B and AB increased. However, these
results were not statistically significant in terms of the risk of
developing OVF (Table 3). “Rh positive” blood type is associated with high incidence of OVF (91.5%) and “Rh negative”
blood group has least association with OVF (8.5%). Comparison of healthy controls with the OVF group revealed
that Rh-positive patients were at higher risk of OVF development (p=0.026). Patients with Rh-positive blood group
showed significantly higher probability of developing OVF
when compared with Rh-negative patients (OR=1.57).
Table 3. Comparison of osteoprotic patients and control groups
Antigens
A
B
O
AB
Rh+
Rh−

Patients
(n=307)

Control Group
(n=123.900)

p

127 (41.3%)
57 (18.6%)
93 (30.3%)
30 (9.8%)
281 (91.5%)
26 (8.5%)

43.81%
15.21%
33.79%
7,16%
87.31%
12.69%

0.387
0.163
0.194
0.077
0.026
0.026

In this study, we have evaluated the relationship between
the most common blood group antigens and osteoporosis.
To the best of our knowledge, it is the first general study to
evaluate ABO and Rh with osteoporosis. We have not observed a significantly higher risk for osteoporosis between
blood groups, OVF cases and controls from large cohort
studies in the same regions, between A, B, O and AB blood
groups, as risk factors for the development of osteoporosis.
However, we have found that Rh positivity was significantly
higher in relation to the development of osteoporosis.
Considering the complex biology of the skeletal structure,
bone mass is under the control of many genes. Various
epidemiological and clinical findings in the past years underline the importance of genetics in the pathogenesis of
osteoporosis [23,24]. BMD, used in the diagnosis of osteoporosis, is a complex feature that does not show dominant-recessive features in a single gene locus, which does
not fit the classical mendelian inheritance patterns [10].
Although there are many environmental factors affecting
BMD, recent studies have focused on the impact of genetic
structure on the pathogenesis of osteoporosis, and the
existence of many candidate genes that have an effect on
bone mass has been reported [25,26]. In addition, epidemiological studies show that positive family history is a risk
factor for OVF formation in osteoporosis. It has been shown
that OVF increases the mortality risk by approximately 60%
[27]. The most important reason for the conflicting data has
been shown to be the study of different ethnic character
groups, which means that genetic studies on osteoporosis
should be performed between patient groups of the same
region or groups of the same origin. In recent years, studies involving various candidate genes have identified some
regions and genes involved in osteoporotic fracture pathogenesis and bone mass regulation. In the single Nucleotide
Polymorphism studies, a link with BMD in the 1p36 region
has been identified [28]. In bone formation mechanism, the
ALPL gene, which is one of the most important matrix-related enzymes, and PLOD gene and RH blood group antigens (RHD, RHCcEe) are located in the chromosome 1p36.
Bone tissue consists of 30% organic matrix and 70% inorganic matrix. The extracellular organic matrix, which
is named as osteoid and contains a large amount of osteoblasts, is transformed into bone when it is mineralized.
Organic matrix provides the flexibility of the bone. Ninety
percent of the organic matrix consists of type 1 collagen [29].
The lysine and hydroxyline in the collagen make posttranslational cross-links, and hydroxylation of the lysine residues
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occurs by the effect of lysyl hydroxylase. These help stabilize the collagen. The second important topic is bone mineralization; ALP plays a role in initiating extracellular matrix
mineralization by breaking down PPi, a strong inhibitor of
mineralization [30]. In addition, ALP reduces the mineralization-inhibiting effect of osteopontin by dephosphorylating it [31]. In the recent ALPL gene mutation studies on
1q36 chromosome, In Japan, c.1559delT mutation is seen
in 40.9% of the cases and p.Phe327Leu mutation is seen
in 13.6% of the cases [32,33]. In Canada, the p.Gly334Asp
mutation is more common in the Mennonite community
[34]. In Europeans, p.Glu191Lys mutation is seen at 7–14%,
this rate is 21.3–27.6% in patients with the moderate clinical form of HPP [35,36]. P.Asp378Val is a missense mutation,
which is the most common mutation in America (15.6%).
It was found that these mutations cause problems in ALP
enzyme activity, which makes osteoporosis more severe in
patients. About 370 mutations (missense, nonsense, frame
shift mutation, insertion) have been identified in ALPL and
PLOD genes localized in the 1q36 chromosome.

think that it is in parallel with our study. Due to the close
similarity between the genetic positions of important enzymes in bone metabolism and Rh antigens, allele variants
in Rh genes on the 1p36 chromosome might be important
for OP hereditary susceptibility.

ABO blood group antigens are encoded on chromosome
9q34 and encode RHD gene D antigen and RHCE gene
CcEe antigen on chromosome 1q36 [16,17]. There is an interesting hypothesis about the pathophysiological connection between colorectal cancer, gastric cancer, glioblastoma multiforme and astrocytomas of the central nervous
system cancers, and the ABO and Rh blood groups [37,38].
The relationship between ABO and Rh antigens and tumor
necrosis factor-α, E-selectin, P-selectin and intercellular adhesion molecule-1 has been shown that ABO and Rh alleles
affect the formation and spread of malignancy [38]. In addition, the relationship between ABO and Rh blood groups
and hip fractures, rheumatoid arthritis, Alzheimer's disease
and Behçet’s disease have been revealed [19,39]. In this presented study, we conducted a retrospective analysis of
patients with OPV to investigate the effect of ABO and Rh
blood groups on OP development. There was no significant
difference between the ABO blood group and the possibility of developing OP, but in the presence of Rh antigen, OP
development was statistically significant. In a recent study
involving only postmenopausal women in South Korea,
only ABO blood groups were evaluated, it was seen that
osteoporosis prevalence was higher in patients with AB
blood group [40]. In our study, although the A, B and AB
groups were seen at a higher rate than the normal population, they were not found statistically significant (Table
2). In addition, although it was not evaluated, all patients
were reported to be RH+, in the same study conducted in
South Korea. When evaluated from this point of view, we
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Conclusion
As a result, we found differences in the distribution pattern
of ABO blood groups in patients with OP compared with the
general healthy population and we found that the distribution of the ABO blood group was not a risk factor for OP development. Individuals with Rh antigen had a higher risk of
developing OP. Based on the findings of this study, we think
that the presence of Rh antigen has an effect on the development of OP under the influence of genetic factors.
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by Balıkesir University Ethics Committee (Approval date:
08.04.2020/53).
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