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Abstract

Background: -thalassemia is a group of inherited blood disorders
that affect the production of -globin chains, leading to the reduc-
tion or absence of these chains. One of the complications observed in
patients with B-thalassemia major (B-TM) is thrombosis, especially
in those who receive frequent blood transfusions. This may be due to
a decrease in the levels of the natural anticoagulants: protein C (PC),
total protein S (PS), and antithrombin (AT).

Methods: In this case-control study, patients with B-TM, who had re-
ceived at least 20 packed cell transfusions during their lifetime, were
included. Patients with other underlying diseases like bleeding or
thrombotic disorders were excluded. Totally, 118 patients with 3-TM
and 120 healthy individuals were included.

Results: The mean level of PC and AT was significantly lower in
patients with B-TM (48.2 + 65.4 and 57.42 + 13.6, respectively) com-
pared to the control group (97.1 + 21.46 and 81.79 + 14.3, respec-
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tively), with P value of 0.001 and 0.01, respectively. Although the
difference was not statistically significant (P = 0.1), a similar trend
was observed for total PS (61.12 + 21.12 for patients versus 72.2 +
35.2 for the control group). Of note, the decrease in PC, AT, and total
PS levels compared to the control group was 50.36%, 27.5%, and
15.34%, respectively.

Conclusions: It seems that -TM patients who receive prolonged
blood transfusions frequently are at an increased risk of decreased
in natural anticoagulants levels and therefore potentially are at risk
of thrombosis.

Keywords: B-thalassemia major; Protein C; Protein S; Antithrombin;
Thrombosis

Introduction

B-thalassemia is a group of hereditary blood disorders caused
by defects in the production of B-chains of hemoglobin (Hb),
which results in either a reduced or absent production of
B-chains. This imbalance between o and P chains leads to an
excess of o chains and subsequently early destruction of the
erythrocytes, resulting in anemia [1-3]. The estimated annual
prevalence of symptomatic patients with B-thalassemia world-
wide is 100,000 [3, 4]. In Iran, the estimated incidence of
thalassemia is around 3.6%, making the country one of the re-
gions with a high prevalence of thalassemia [2]. B-thalassemia
can be classified into (-thalassemia major (B-TM, Cooley’s
anemia, Mediterranean anemia), P-thalassemia intermedia,
and [B-thalassemia minor (B-thalassemia trait, heterozygous
B-thalassemia, B-thalassemia carrier) [1]. Patients with B-TM
do not produce sufficient B-globin chain [1, 3], and as a result,
they require regular transfusions of red blood cells (RBC) [2,
5]. This condition typically presents within the first 2 years
of life [2]. Patients with B-TM usually are characterized by
Hb levels less than 7 g/dL, mean corpuscular volume (MCV)
of 50 to 70 fL, and mean corpuscular Hb (MCH) of 12 to 20
pg [1]. One of the complications observed in patients with
B-thalassemia, particularly those with major and intermedia
subtypes with regular blood transfusion, is thrombosis. Sev-
eral studies have reported pulmonary embolism (PE), deep
vein thrombosis (DVT), and portal vein thrombosis, have been
observed in these patients [6, 7]. Various factors trigger throm-
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Table 1. Coagulation Profile of Patients With 3-Thalassemia Major in Comparison With Healthy Individuals

Parameters Patients’ mean parameter Healthy subjects’ mean parameter P value Normal range
PT (s) 19.5 14 0.001 10 - 14.5
APTT (s) 51.5 43 0.001 22 -45

PC (%) 48.2+654 97.1+£21.4 0.001 70 - 130

PS (%) 61.12+21.1 72.2+35.2 0.1 60 - 165

AT (%) 57.42 £13.6 81.79+ 143 0.01 80 - 120

PT: prothrombin time; APTT: activated partial thrombin time; PC: protein C; PS: protein S; AT: antithrombin; s: second.

bosis in these patients, one of the most significant being the al-
teration in the level of the body’s natural anticoagulants, such
as protein C (PC), protein S (PS), and antithrombin (AT) [8, 9].
In general, under normal conditions and in healthy individu-
als, activated PC (APC) deactivates coagulation factors (F) Va
and VIlIa by its proteolytic activity [10, 11]. PS is the body’s
natural anticoagulant that acts as a cofactor of APC and other
coagulation factors [12] and AT, which is another natural an-
ticoagulant with serine protease activity, inhibits coagulation
factors such as thrombin, FXa, and with less extent, FIXa and
FXIa[13]. Inflammation is a contributing factor that may result
in a reduction in the natural anticoagulant of the human body,
and it is better to take this into account in patients with thalas-
semia as thalassemia is correlated with the presence of inflam-
mation [14-17]. Several studies have investigated the levels of
these natural anticoagulants in patients with B-thalassemia and
have found lower levels of them compared to the control group
(healthy individuals) [2, 4, 5, 8, 14, 18]. However, some stud-
ies have reported conflicting results. Hadi et al reported that
one of their patients with B-TM had a PC level of 140% [4]. In
addition, although Eldor et al reported a significant decrease in
PC and PS levels, but the levels of AT were within the normal
reference range [19]. Due to the conflicting studies and the
lack of large-scale studies in Iran, this study aimed to evaluate
the level of PC, total PS, and AT in patients with 3-TM who
receive regular blood transfusion.

Materials and Methods

In this case-control study, 118 patients with 3-TM (57 females
and 61 males) and 120 healthy individuals (61 females and 59
males) as a control group were included. Patients with B-TM,
who had received at least 20 packed cells during their lifetime,
were included in the study. The samples were collected be-
fore pack cell transfusion during October 20, 2020, to July 20,

2021, from Southeast of Iran. The exclusion criteria comprised
of patients who had other underlying diseases like coagulation
factor deficiencies or a history of thrombosis or anticoagulant
therapy. The evaluation of AT, PC, and total PS was performed
using the STA®-Stachrom® AT III, STA®-Stachrom® PC, and
STA®-Staclot® PS kits, respectively. Hb levels and platelet
count were assessed using Sysmex kx 21 hematology ana-
lyzer, and activated partial thromboplastin time (APTT) and
prothrombin time (PT) were analyzed using semi-automatic
coagulation analyzer, STAGO- STart (Diagnostica Stago,
France). Additionally, serum iron and ferritin were assessed
using Hitachi 912 (Hitachi High Technologies, Tokyo, Japan).
The normal ranges of all parameters are shown in Tables 1
and 2. Statistical analysis of data was conducted using SPSS
software. To determine the normality of the data, either the
Kolmogorov-Smirnov or Shapiro-Wilk test was performed. To
compare the means between the two groups, the independent
sample ¢-test and Mann-Whitney U test (if the data distribution
was not normal) were used. A statistically significant differ-
ence was defined as P < 0.05.

Ethical compliance

All procedures performed in this study involving human par-
ticipants were in accordance with the ethical standards of the
responsible institution. This study was approved by the Eth-
ics Committee of Babol University of Medical Sciences (IR.
MUBABOL.HRI.REC.1399.112).

Results

The mean ages for male and female patients with B-TM were
17 and 18 year, respectively without statistically significant
difference. The mean age of healthy individuals was 17.1 +

Table 2. Laboratory Characterizations of Patients With 3-Thalassemia Major in Comparison With Healthy Individuals

Parameters Patients’ mean parameter Healthy subjects’ mean parameter P value Normal range
Hb (g/dL) 9.5+3.1 13.5+4.1 0.01 12.5-17.5
Iron (png/dL) 74595 +32.2 52.12+4.13 0.0001 35-150
Ferritin (ng/mL) 2145.10 £ 74.3 92.1 £4.58 0.0001 30 - 200
Platelet (x 10°/L) 621 +4 245+ 1 0.0001 150 - 400

Hb: hemoglobin.
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5.58. There was no statistically significant difference between
patients and control groups (P = 0.33). The average number of
blood transfusions per year for patients with B-TM was 15.3 +
5.3 and this is why the mean serum iron level and ferritin level
were significantly higher in patients with thalassemia major
compared to healthy individuals. Additionally, the mean level
of Hb in these patients (9.5 = 3.1 g/dL) was lower compared to
the control group (13.5 + 4.1 g/dL; P =0.01), with a decrease
0f 29.63% in patients.

Notably, results revealed that the mean level of PC was
significantly lower in patients with B-TM (48.2+65.4%) com-
pared to the control group (97.1£21.4%) with P value of 0.001.
Similarly, the mean level of AT was significantly lower in
thalassemia major patients (57.42+13.6%) compared to the
control group (81.79+14.3% with P value of 0.01). Although
a similar trend was observed for total PS, the difference was
not statistically significant. In this setting, the average level
of total PS was lower in patients with B-TM (61.12+21.1%)
compared to the control group (72.2+35.2%) with P value of
0.1. In other words, the decrease in PC, AT, and total PS levels
in comparison to the control group was 50.36%, 27.5%, and
15.34% respectively. The results of other laboratory findings
and their comparison with healthy individuals are shown in
Table 2.

Discussion

One of the important complications in patients with B-TM is
thrombosis. An epidemiological investigation examined the
occurrence of thrombotic events in both Iran and the Mediter-
ranean areas, and the results indicated that among the 6,670
patients diagnosed with B-TM, a total of 0.9% experienced
thrombotic events [20]. Additionally, the study conducted by
Vassilopoulou et al revealed four cases of B-TM with ischemic
stroke [21]. Furthermore, Karimi et al conducted a study on
40 patients with B-TM and stated that silent cerebral ischemia
was detected in a total of 15 patients. (37.5%) [22]. Unlike the
above studies, the study of Naithani et al found no evidence of
thrombotic complications in patients with -TM [8].

Through the conducted investigations, the cause of throm-
bosis was attributed to various factors. One of the most com-
mon of these factors is the reduction of the body’s natural an-
ticoagulants: PC, PS, and AT. In this context, our study found
that the average level of PC was significantly lower in patients
with B-TM compared to the control group (P = 0.001). Fur-
thermore, the mean level of AT was also significantly lower
in patients with f-TM than in the control group (P = 0.01).
Similar results were observed regarding PS, but it was not sta-
tistically significant (P = 0.1). In this framework, in the study
by Huang et al, which was performed on 129 patients with
B-TM, PB-thalassemia intermedia, a-thalassemia intermedia,
and combined a-/B-thalassemia, the decrement of PC and PS
was also observed in 95.3% and 77.5% of patients, respective-
ly [14]. Similarly, in a study on 70 patients with 3-TM, Hadi et
al found significantly lower mean levels of PC (71.31%) and
PS (34.3%) compared to healthy subjects (P <0.001). Notably,
one of the patients with 3-TM had more than 140% of the nor-
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mal amount of PC [4]. Moreover, Naithani et al similarly found
lower levels of PC, PS, and AT in 26.2%, 28.6%, and 46.8%
of patients with B-TM, respectively [8]. Although Eldor et al
reported a significant decrease in both PC and PS levels, un-
like the studies mentioned above, the levels of AT were within
the normal reference range [19]. Singer et al found that most
patients with thalassemia major had lower than normal levels
of PC and PS [23]. Musumeci et al also observed low activity
of PC and AT III in 94% and 55% of cases, respectively [24].

Another potential factor that may contribute to throm-
bosis in patients with thalassemia major is the microparticles
(MPs). MPs are particles between 0.1 to 2 um in length that
form through the remodeling of the plasma membrane of all
types of cells, such as circulating platelets, endothelial cells,
and RBCs in response to cellular activation and apoptosis [25].
It has been reported that MPs may be one of the reasons for
the decrease in the PC levels in patients with a B-TM. In this
setting, MPs can be released from the cells during the blood
components storage, and as these patients receive continuous
transfusions of blood products, PC can bind to these MPs and
phosphatidylserine, collectively increasing the removal of PC
from circulation and a potential reduction of PC [26, 27]. An
important point to note is that not only does PC bind to phos-
phatidylserine on MPs, but other vitamin K-dependent factors
such as prothrombin, FVIIL, FIX, FX, and PS can also bind to
phosphatidylserine on MPs [28].

Another cause of the reduction of these three proteins in
patients with B-TM is liver damage due to hemosiderosis caused
by repeated blood transfusions, as the liver is the site of the syn-
thesis of these proteins [29]. In this context, the limitation of our
study was the lack of conducting of liver function test (LFTs)
assay as well as evaluating coagulation factors levels. Moreo-
ver, iron overload is associated with a state of chronic oxida-
tive stress in patients with 3-TM, resulting in the production of
more reactive oxygen species in the RBCs and platelets of these
patients than in healthy individuals. This phenomenon leads to
platelet activation, consumption of PC and PS, and increased
susceptibility to thrombotic complications [30].

It has been reported that non-transfusion-dependent
thalassemia (NTND) patients have also a high risk of throm-
bosis (such as pulmonary hypertension, and silent cerebral is-
chemia). Additionally, it has been reported that PC, PS, and
AT levels in these patients are lower than in healthy subjects
[31-33]. Therefore, another limitation of our study pertained
to not examining the aforementioned factors in NTDT patients
and comparing them with our healthy and thalassemia major
subjects.

The oxidation of globin subunits in RBCs is another rea-
son for the reduction of these anticoagulant proteins in patients
with thalassemia major. The oxidation of membrane proteins
relies on iron and the generation of red-cell “senescence” an-
tigens, such as phosphatidylserine [2, 34, 35]. Consequently,
anticoagulant proteins such as PC may bind to phosphatidyl-
serine or other negatively charged phospholipids that are ab-
normally present in the outer membrane of RBCs, resulting
in a decrease of these anticoagulant proteins [25, 36]. Regular
blood transfusions can reduce exposure to phosphatidylserine
on the surface of RBCs, resulting in the prevention of throm-
botic events [37]. Another cause of decreased PS and PC levels
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is vitamin K deficiency, as these factors are vitamin K-depend-
ent [4, 29]. In this setting, no measuring of vitamin K levels in
our study is considered as another limitation of our study.

The note that should be taken into account is that thalas-
semia is correlated with inflammation. Multiple alterations
related to inflammation, such as an augmentation in soluble
thrombomodulin, can hinder the activation of PC and impede
the process of coagulation. These alterations may potentially
explain the notable reduction in PC activity observed in pa-
tients with 3-TM [ 14, 38]. Regarding the changes of two other
natural anticoagulants, PS and AT, there is little information
in the literature review. Therefore, another cause of reduction
in natural anticoagulants could be related to the inflammatory
milieu in patients with B-TM [14].

Another issue that should be paid attention to is medication.
However, certain medications, such as warfarin and heparin,
possess the capability to induce alterations in the concentra-
tion of aforementioned natural anticoagulants within the human
body [39, 40]. However, the participants involved in our investi-
gation did not take the mentioned medications or any other phar-
maceutical agents. Consequently, the utilization of drugs within
our study does not constitute an intervening variable.

One of the causes of thrombosis in patients with thalas-
semia major is attributed to the presence of activated platelets
in these patients [36]. Additionally, the expression of CD62p
(p-selectin) and CD63 has been found to increase in the plate-
lets of patients with thalassemia major, triggering the activa-
tion and aggregation of platelets [2, 41]. In this study, the mean
platelet count in our patients was significantly higher than
in healthy people, consistent with the results of the study of
Huang et al [14]. However, Naithani et al reported thrombo-
cytopenia in 33.3% of their patients with thalassemia major
[8]. They attributed this finding to the hypothesis that most of
their patients were on deferiprone [8]. Nonetheless, there is no
definitive explanation for the mechanism of thrombocytopenia
associated with deferiprone, and further research is needed to
show the precise mechanism of deferiprone in the context of
thrombocytopenia. Similarly, Marwaha et al reported throm-
bocytopenia with an incidence of 30.7% [42].

The frequent blood transfusions in patients with B-TM can
have complications such as a severe increase in body iron, iron
deposition in the organs, and subsequent organ failure [43, 44].
Iron deposition, along with circulating hemolysates, may also
lead to parenchymal liver dysfunction, which can affect the
production of coagulation factors. Nonetheless, some studies
show that hepatic dysfunction due to hemosiderosis is a rare
occurrence in children [1, 43, 45]. However, reduced levels
of prothrombin and factors V, VII, and X have not only been
observed in adults but also in children with B-TM, suggesting
that prolonged PT and APTT are more likely related to thalas-
semia rather than parenchymal hepatic dysfunction caused by
iron deposition [19, 43]. Nonetheless, prolonged PT and APTT
may be associated with bleeding episodes. In this context, de-
termining or discussing the primary cause of the prolonged PT
and APTT in our patients is not clear without the assessment
of coagulation protein levels. It is noteworthy that decreased
procoagulant proteins are more likely to be balanced by de-
creased anticoagulant protein levels [43]. In this setting, as-
saying coagulation factors alongside anticoagulant proteins,
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which would have aided better interpretation of the results,
was one limitation of our study, and we recommend the evalu-
ation of coagulation factor levels in future studies.

In conclusion, it appears that patients with B-TM who
receive frequent blood transfusions are at a higher risk of a
decrease in the level of natural anticoagulant proteins such as
PC, total PS, and AT and potentially are at risk of thrombosis.
Therefore, the measurement of these three anticoagulant levels
is important and could prevent the occurrence of thrombosis
by appropriate interventions. Taken together, these findings,
along with available data and data from future large-scale stud-
ies, could potentially lead to a better approach to managing the
disease, particularly in the prevention of thrombotic events.
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