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Background: The pathogenesis (3-thalassemia is characterized by anemia resulting from reduced 3-globin synthesis with low hemoglobin
A (HbA) production and higher production of hemoglobin A2 (HbA2) and fetal hemoglobin (HbF). However, thromboembolic
events have been recently identified in patients with f-thalassemia due to hypercoagulable state. Objectives: The aim of this study was
to evaluate the levels of some coagulation markers in Iraqi patients with 3-thalassemia major and (3-thalassemia intermedia. Materials
and Methods: The study included three groups. The first group included patients with -thalassemia major (n = 39), the second group
included patients with -thalassemia intermedia (z = 11), and third group included 20 apparently healthy control subjects. Each
of prothrombin time (PT), activated partial thromboplastin time (APTT), antithrombin III (ATIII), and thrombin-antithrombin
IIT (TAT) complex were measured according to the standard protocols. Results: Both PT and APTT in 3-thalassemia major and
p-thalassemia intermedia were higher than that of the control group with a highly significant difference (P = 0.002), whereas no
significant differences were observed between patients with (3-thalassemia major and p-thalassemia intermedia. Mean ATIII level
was highest in the control group followed by B-thalassemia intermedia and then by -thalassemia major groups (P < 0.001), whereas
mean TAT complex was highest in thalassemia major group followed by -thalassemia intermedia and then by control groups (P <
0.001). Conclusions: Prolonged PT and APTT in patients with 3-thalassemia together with the reduction in the level of anticoagulant
factor (ATII) suggest a role for liver impairment; however, the significantly higher TAT complex is suggestive of ongoing activation of
coagulation cascade in patients with 3-thalassemia.
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INTRODUCTION chain.® The disease is characterized by tremendous
variability in both the genotypic makeup and the
phenotypic presentation because of the extremely high
number of mutations, approximately 200, affecting the
[-globin gene.F! Epidemiologically speaking, the frequency
of mutations involving the (3-globin gene varies among
different regions of the world and the highest prevalence
and incidence rates are encountered in people originating
from Asian descent, Middle East, and Mediterranean

Thalassemia disorders are caused by one or more of
hundreds of mutations in the genes encoding for a- and
[-globin chains of the hemoglobin.["! These mutations are
inherited in an autosomal recessive pattern.® The defect is
quantitative and leads to complete or partial reduction in
the synthesis of corresponding proteins. The hemoglobin
molecule contains a tetramer of 2 alpha chains and 2 beta
chains (a8 ,) and when there is a reduction in the synthesis
of one chain, the other unpaired chains are unstable and
will precipitate leading to hemolytic anemia. In addition,
there is apoptosis of red blood cell precursors in the bone
marrow and reduced red cell life span in the circulation.?
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regions. It is estimated that approximately 68,000 children
carry the disease at birth. Globally, the overall prevalence
rate is approximately 1.5% indicating that approximately
80-90 million people carry the [ gene mutation.
However, a high prevalence rate has been reported in
creation regions such as the people of Cyprus descent in
whom the prevalence rate is estimated at 12%—15%."

In people of Arab descent, the prevalence rate varies
among countries. The carrier rate among Arab countries
varies from 1% to 11%. The number of mutations in
different Arab countries is also variable and may range
from 10 mutations in Saudi Arabia to 44 mutations in
the UAE.® In Iraq, “the prevalence of thalassemia had
increased from 33.5/100,000 in 2010 to 37.1/100,000
in 2015, while the incidence rate had decreased from
72.4/100,000 live births to 34.6/100,000 live births between
2010 and 2015”.1)

The pathogenesis of the disease is characterized by two
main events. The first is the anemia resulting from reduced
B-globinsynthesis with low hemoglobin A (HbA) production
and higher production of hemoglobin A2 (HbA2) and fetal
hemoglobin (HbF). The second is the precipitation of excess
o chain leading to red blood cell (RBC) destruction and
hemolysis. On the contrary, erythroid hyperplasia will cause
bony deformities and extramedullary hematopoiesis will
lead to hepatosplenomegaly. Repeated blood transfusion
in severe anemia will lead to iron overload and its related
complications.!'”

From a clinical point of view, the disease may be classified
into transfusion-dependent and nontransfusion-dependent
categories; however, hematologists prefer to classify the
disease into [3-thalassemia major, 3-thalassemia intermedia,
and p-thalassemia trait.'!l The diagnosis of (-thalassemia
major is often done with the first 2 years of life in children
with jaundice, microcytic anemia, and hepatosplenomegaly.
Complete blood count will provide a way to characterize
patients into p-thalassemia major, intermedia, or trait
based on the hemoglobin level, mean corpuscular volume
(MCYV), mean corpuscular hemoglobin (MCH), RBC
count, and red cell distribution width (RDW) values.!?
Serum ferritin measurement will provide a tool to estimate
the state of iron overload. Blood transfusion and adequate
iron chelation have resulted in expanding the life expectancy
in patients with (3-thalassemia major; however, a number
of complications have been described. Thromboembolic
events have been recently identified in patients with
[-thalassemia due to hypercoagulable state.!>!4

In this study, we planned to evaluate the levels of
coagulation markers, prothrombin time (PT), activated
partial thromboplastin time (APTT), antithrombin III
(ATIII), and thrombin-antithrombin complex (TAT) in
Iraqi patients with $-thalassemia major and 3-thalassemia
intermedia as well as in a subset of apparently healthy
control subjects.

MareriaLs AND METHODS
Study design

This study was planned to be a case-control study. The
study started on June 15, 2020 and ended on April 3, 2021.
The study included three major groups. The first group
included patients with -thalassemia major (n = 39),
the second group included patients with (3-thalassemia
intermedia (n = 11), and the third group included 20
apparently healthy control subjects. Those patients were
attending Al-Imamein al Kadhimaein Medical City,
Baghdad, Iraq.

Data collection

When either patients or control members met the inclusion
criteria, blood sample was withdrawn soon as possible.
Age and gender in addition to laboratory investigations
were the main variables included in this study. From
each participant, SmL of venous blood was withdrawn
and transferred into an ethylenediamine tetraacetic
acid (EDTA) tube and the complete blood count was
done using “Abbott Cell dyne 3700”. Blood sample for
purpose of PT and PTT was transferred into a blue cap
tube (vacuum tube) with sodium citrate (32.06 mg/mL,
final concentration of 3.8%) with a 9:1 ratio volume.
Tests of coagulation were done using Sysmex CA 500
machine. ATIII plasma level was assessed using immune-
turbidimetric assay (LIATEST AT III, Diagnostica Stago,
Paris, France), whereas TAT complex was quantitatively
measured using an enzyme-linked immunosorbent assay
(ELISA) (Enzygnost, Siemens Healthcare Diagnostics
Products GmbH, Marburg, Germany).

Ethical consideration

The ethical approval for the study was issued by the
ethical approval consideration of the Al-Karkh Health
Directorate, the formal representative of the Iraqi
Ministry of Health. Verbal consent was obtained from
each participant after a full illustration of the aim and the
procedures of the study.

Statistical analysis

Data were transferred into two statistical software
programs: the Statistical Package for Social Sciences
(SPSS) version 16.0 (IBM, Chicago, Illinois) and Microsoft
Office Excel 2007. Qualitative data were expressed as
number and percentage, whereas quantitative data were
expressed as mean, standard deviation, and range. Chi-
square test was used to study the difference in proportion
among groups. One-way analysis of variance (ANOVA)
and post hoc least significant difference (LSD) test was
used to study differences in means among groups. The
level of significance was chosen at P < 0.05, whereas the
level of high significance was chosen at P < 0.01.
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ResuLts

Comparison of mean age and frequency distribution
according to gender among [(-thalassemia major, f3-
thalassemia, and control groups is shown in Table 1. This
study included 20 control subjects with a mean age of 21.05
9.84 years and an age range of 4-40 years. The mean age of
patients with B-thalassemia major was 16.18 + 8.25 years
and that of patients with p-thalassemia intermedia was
17.09 + 11.09 years. The age range of (3-thalassemia major
group was from 2.5 to 38 years and that of -thalassemia
intermedia group was 4-40 years. No significant difference
was observed in mean age among study groups (P = 0.159).
Control group included 9 (45.0%) men and 11 (55.0%)
women, [-thalassemia major group included 3 (27.3%)
men and 8 (72.7%) women, and (-thalassemia intermedia
group included 18 (46.2%) men and 21 (53.8%) women.
No significant difference was observed in the frequency
distribution of patients and control subjects according to
gender among study groups (P = 0.522).

The comparison of complete count parameters among f3-
thalassemia major, $-thalassemia, and control groups is
shown in Table 2. Mean RBC, Hb, MCV, and MCH were
significantly lower in patients with -thalassemia than in
control subjects (P < 0.001). There were minor differences
in these means between patients with (3-thalassemia major
and patients with fB-thalassemia intermedia; however,
these differences did not reach statistical significance
in most of the situations (P > 0.05). No significant
difference was observed in mean white blood cells (WBC)
count and mean platelet count among study groups (P >
0.05). Serum ferritin levels were higher in patients with
p-thalassemia than those with control group in a highly
significant manner (P < 0.001) and the level was highest
among patients with [3-thalassemia major.

The comparison of coagulation markers among f-
thalassemia major, (3-thalassemia intermedia, and control
groups is shown in Table 3. Both PT and APTT means of
p-thalassemia major and B-thalassemia intermedia were
higher than that of control group in a highly significant
manner (P = 0.002) and there was no significant difference
in these means between patients with (3-thalassemia major

and B-thalassemia intermedia (P > 0.05). Mean ATTII level
was highest in control group followed by [-thalassemia
intermedia and then by p-thalassemia major groups
(P < 0.001), whereas mean TAT complex was highest
in thalassemia major group followed by [(-thalassemia
intermedia and then by control groups (P < 0.001).

Discussion

This study included p-thalassemia patients with an
age range of 4-40 years and a mean of approximately
17 years; therefore, a substantial proportion of patients
with (-thalassemia may reach the fourth decade of life
and the extension of life expectancy of p-thalassemia
patients may be related medical intervention in the form
of blood transfusion and chelation therapy which have
greatly increased the life of patients with -thalassemia
major. This observation is consistent with previous
reports.[>16

The lack of significant difference in mean hemoglobin,
RBC count, MCV, and MCH between f3- thalassemia
major and f-thalassemia intermedia groups in this
study suggests the well-accomplished goal of anemia
correction using repeated blood transfusion in patients
with B-thalassemia major; thus, the mean serum ferritin in
patients with 3-thalassemia major was significantly higher
than those with 3-thalassemia intermedia and this is in
consistent with previous observation.!'?

In this study, PT and APTT of patients with B-thalassemia
were significantly lower than in the control group. Similar
observation was made by previous authors.['32% We also
observed no significant variation in platelet count and
this is consistent with the observation made by Maiti
et al "™ The prolongation in PT and APTT may be due to
some mild deficiency in a number of coagulation factors
as suggested by previous authors.?*21 Other authors have
suggested chronic activation of coagulation cascade as a
response to repeated blood transfusion.!'¥ In addition, in
our study we observed a significantly lower level of ATIII
in patients with p-thalassemia and even the level is lower
in B-thalassemia major subset and this observation is
consistent with the observation of previous authors.!'*!

Table 1: Comparison of mean age and frequency distribution according to gender among p-thalassemia major, -thalassemia,

and control groups

Characteristic Control n = 20 B-thalassemia major p-thalassemia intermedia n = 11 P
n=39
Age (years)
Mean + SD 21.05+9.84 16.18 + 8.25 17.09 + 11.09 0.159 0
Range 4-40 2.5-38 4-40 NS
Gender, 7 (%)
Male 9 (45.0%) 3(27.3%) 18 (46.2%) 0.522C
Female 11 (55.0%) 8 (72.7%) 21 (53.8%) NS

n = number of cases, SD = standard deviation, O = one-way ANOVA, C = chi-square test, NS = not significant at P > 0.05
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Table 2: Comparison of complete count parameters and serum ferritin among B-thalassemia major, g-thalassemia intermedia,
and control groups

Characteristic Control B-thalassemia p-thalassemia P
n=20 major intermedia
n=39 n=1
RBC x10"/L
Mean + SD 4.86 £0.42 2.95+0.49 3.05+0.46 <0.001 O
A C B HS
Range 3.9-5.5 1.4-4.28 2.5-4.2
Hb (g/dL)
Mean + SD 13.59 £1.29 7.26 £1.07 6.90 £1.16 <0.001 O
A B B HS
Range 12-16 494 4-8.1
MCYV (fL)
Mean + SD 84.65+4.63 72.00 * 10.67 70.28 + 5.74 <0.001 O
A B B HS
Range 76-91 28.7-87 59.6-77
MCH (pg)
Mean + SD 27.56 £ 2.14 24.15 £ 3.17 22.91 +2.96 <0.001 O
A B B HS
Range 24-31 14.5-28.6 18.3-27.4
WBC x10°/L
Mean + SD 6.95 + 1.60 6.51 £1.49 6.29 +2.13 0.497 0
A A A NS
Range 4.5-10 3.5-10.2 3.1-9.4
Platelet x10°/L
Mean + SD 271.25+ 74.45 291.38 + 119.79 331.91  189.99 0.4250
A A A NS
Range 157-412 120-550 124-767
Serum ferritin (ng/mL)
Median (IQR) 58.50 (77.50) 1975.00 (1233.00) 1800.00 (1581.00) <0.001 K
B A B NS
Range 17-278 465-4164 196-3630

n =number of cases, SD: standard deviation, RBC = red blood cell count, MCV = mean corpuscular volume, MCH = mean corpuscular hemoglobin,
WBC = white blood cell, O = one-way ANOVA, K = Kruskal-Wallis test, NS = not significant at P > 0.05, HS = highly significant at P < 0.01, capital
letters A, B, and C were used to indicate the level of significance following post hoc LSD test after one-way ANOVA or Dunn’s test following Kruskal—
Wallis test so that similar letters indicate no significant difference, whereas different letters indicate significant difference

Moreover, we observed significantly higher levels of TAT
complex among patients with (-thalassemia and the
level being higher in patients with B-thalassemia major
subgroup and this observation is also in accordance
with previous reports.”?? Thromboembolic events
have been described in patients with p-thalassemia
and have been attributed to hypercoagulable state.!'”
The suggested reasons for such complication are the
repeated blood transfusion and splenectomy.'*?324 Liver
decomposition due to viral hepatitis and hemosiderosis
was also suggested to cause the reduced synthesis of these
anticoagulant factors.'>?) A number of authors suggested
increased anticoagulant consumption in patients with
p-thalassemia as a result of long-term asymptomatic

CoNcLUSION

Prolonged PT and APTT in patients with (3-thalassemia
together with a reduction in the level of anticoagulant
factor (ATII) suggest a role for liver impairment; however,
the significantly higher TAT complex is suggestive of
ongoing activation of coagulation cascade in patients with
B-thalassemia.
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Table 3: Comparison of coagulation markers among p-thalassemia major, B-thalassemia intermedia, and control groups

Characteristic Control B-thalassemia B-thalassemia P
n=20 major intermedia
n=39 n=1
PT (s)
Mean + SD 11.30 + 1.72 12.95+ 1.61 12.73 + 1.79 0.002 0
B A A HS
Range 9-15 9-16 10-16
APTT (s)
Mean + SD 30.75 +2.81 36.62 £ 4.71 35.36 +3.56 <0.001 O
B A A NS
Range 26-35 25-47 29-41
ATTIT (ng/mL)
Mean + SD 11.74 £ 4.07 7.55+1.88 8.20 +2.78 <0.001 O
A C B HS
Range 6.6-22.6 4.5-13.6 5.6-15.6
TAT complex (ng/mL)
Mean + SD 2.51£0.72 512+ 1.56 4.64 £1.74 <0.001 O
B A B HS
Range 1.6-4.1 1.9-8.2 2.3-7.2

n = number of cases, SD = standard deviation, PT = Prothrombin time, APTT = activated partial thromboplastin time, ATIII = antithrombin III,
TAT = thrombin-antithrombin III complex, O = one-way ANOVA, NS = not significant at P > 0.05, HS = highly significant at P < 0.01, capital
letters A, B, and C were used to indicate the level of significance following post hoc LSD test after one-way ANOVA so that similar letters indicate no

significant difference, whereas different letters indicate significant difference
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