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ABSTRACT

Background: Thalassemia is a hereditary hemoglobinopathy whose most common
complication is cardiac involvement which ends up in these patients’ death. Since
troponin is a sensitive and specific marker for the detection of microinfarct, we studied
the relationship between troponin and ferritin serum levels for early diagnosis of cardiac
involvement in these patients.

Materials and Methods: This case-control study was performed on 80 patients,
including 40 patients with major thalassemia and normal echocardiography and
40 healthy volunteers ranging from 6 months to 16 years old. All the children were
examined and the eligible children who were not infected with known heart disease, iron
deficiency anemia, kidney disease, diabetes, fever, and systemic diseases were enrolled
into the study after obtaining written informed consents from their parents. At 8:00
A.M. before breakfast, 5cc blood was drawn from these children. After collecting the
samples, ferritin and troponin serum levels were evaluated using ELISA and electro-
kymonolonsense methods, respectively. The gathered data were analyzed through the
SPSS statistical software (v. 20) and T-test. Besides, P value<0.05 was considered as
statistically significant.

Results: The study results revealed a significant difference between the two groups
regarding the mean of the serum levels of troponin (P=0.045) and ferritin (P=0.001). In
this study, no significant correlation was observed between serum troponin and ferritin
levels and age and BMI in the two groups. Also, no significant relationship was found
between serum troponin level and sex (P=0.264).

Conclusions: In microinfarct, troponin increases independent of ferritin; therefore,
it can be used for early detection of cardiac involvement in thalassemia patients to
determine the sub-clinical effects.

» Implication for health policy/practice/research/medical education:
Serum Troponin may be a useful marker of impaired cardiac function in Thalassemic patients with normal conventional echocardiography. However,
its role as a biomarker in cardiac injury risk stratification must still be clarified.

» Please cite this paper as:
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1. Background
Major Beta-thalassemia is a hereditary hemoglobinopathy
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with mutations in the Betaglobin chain that leads to the
arca hemolysis in these patients (1). Cardiac involvement
is the most important and prevalent complication of Beta-
thalassemia (2,3). Cardiac involvement in these patients
is affected by factors, such as hemocirtus of ferritin (4),
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destructive effects of free radical oxidation of meiotic
membrane and loss of intercellular organelles (5,6),
structural changes resulting from chronic anemia due to
ineffective erythropoiesis (7), antioxidant presence of 4
allele Apolipo-protein E (8), and microinfarct caused by
hypoxia (9).

Ferritin which is a diagnostic marker of iron overload
in thalassemia patients (10) increases due to inadequate
erythropoiesis, iron overload, transfusion, and increased
GI absorption (11). The presence of GDF15 in these
patients reduces Hypsydyn (11). Moreover, mutations in
the hypophis-hypothalamus axis in JAK STAT pathway
enhance iron absorption and are followed by an increase
in iron absorption (12). In general, iron deposits in the
patients with saturation of reticuloendothelial resources in
parenchyma tissues, including the heart. This Iron increase
causes free radical formation, enforces the oxidative action
on the lipid of cardiomyocyte membranes, and eventually
results in damage (13).

T troponin is a delicate filament made of myocyte
contractile proteins with 32 amino acids (14) that can
be found in released form or in combination with T.I.C.
complex (15). In this complex, N-Terminal ¢.Tn.T segment
has a protective role in ischemia and HF.

“Hypertrophic cardiomyopathy is considered by the
occurrence of unexplained left ventricular hypertrophy,
which is usually asymmetric and involves the ventricular
septum. Molecular genetic studies have identified eleven
genes that code proteins of the sarcomere that are associated
with the hypertrophic cardiomyopathy” (16,17).

Cardiomyopathy occurs in major thalassemia due to
ineffective erythropoiesis and chronic anemia and hypoxia
(18). Consequently, these patients are more susceptible to
ischemia. Troponin is released during cell damage and due
to the loss of myocyte contraction force. After starting
onset of irreversible cardiomyocyte damage occurred a
similar release of intact ¢Tnl and cTnT and their degradation
products due to metabolic inhibition of cardiomyocytes.
(9,19). Increased troponin levels serve as a sensitive and
specific biomarker of myocardial injury during the early
stages and refer to the beginning of a microinfarct (20)
although no morphological finding was observed to show
the damage in the echocardiography (21).

Because of genetic predisposition, these patients have
potential for early involvement; however, due to delay in
the development of the symptoms and abnormality in the
echocardiography, early diagnosis is impossible during the
early processes (22). Therefore, we studied the relationship
between troponin and ferritin serum levels for early diagnosis
of cardiac involvement in patients with major beta thalassemia.

2. Methods

In this case-control study, 40 patients suffering from major
thalassemia were diagnosed by hemoglobin electrophoresis.
These children who were between 6 months and 16 years old
had normal echocardiography and had gone to Amir—Al-
Momenin hospital of Zabol to receive packed red blood cell.
Also, 40 healthy children who did not have thalassemia,
had referred to this center for annual examination, and
were age- and sex-matched with the thalassemia patients
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were enrolled into the study. All the subjects were selected
through convenience sampling.

All the children were examined and the eligible ones
who had been treated with no drugs and did not have heart
disease, iron deficiency anemia, kidney disease, diabetes,
fever, and systemic diseases were enrolled into the study
after receiving their parents’ informed consents.

Five ml blood was drawn from all the children before
breakfast at 8 A.M. Then, the samples were centrifuged at
5 °C with a round of 3000 g for 10 minutes. The separated
serum was kept in -70°C refrigerator until ferritin and
troponin measurements. Finally, consideration to the
cold chain, it was transferred to the Biochemistry Lab
of Zabol University of Medical Sciences. Then, 250
microns were isolated from the patients’ serum by using
ELISA kit (USA)., to assess ferritin level. Yet, the other
half was evaluated by electrokimonolsence kit to
assess troponin level.

In this study, the children over 2 years old were weighed
using RASA Mark made in IR Iran by an error factor of
100, while those under 2 years old were weighed by MIK A
MARK recumbent weighing scale made in Japane by an
error factor of 10 g. In addition, the height of under 2 year
old children was measured in the recumbent position by
using a flat wooden calibration table, while that of the
children above 2 years old was measured in the standing
position with a scale ruler. Then, the children’s BMI was
calculated using the BMI formula; i.e., WTkg/ HT 2 (weight
in kilograms divided by height to the power of 2).

After all, the data were entered into the SPSS statistical
software (v. 20) and analyzed using descriptive-analytical
statistics, independent T-test and Correlation Coefficient
Pearson tests. Beside s, P<0.05 was considered as
statistically significant.

3. Results

In this study, 80 patients who had referred to Amir-Al-
Momenin pediatric hospital, Zabol, IR Iran were divided
into a case (children with major beta thalassemia receiving a
packed red blood cell) and a control group (healthy children
attending the pediatric section for check up) each containing
40 patients. According to the results, 45% and 55% of the
study subjects were male and female, respectively and
their mean age was 10.234+4.15 years. The mean BMI of
the subjects was 16.82+2.29. Besides, the mean of serum
troponin levels was 19.22+36.07 and 7.29+3.80 in the
patients and controls, respectively.

In this study, a significant difference was found between
the case and the control group regarding the troponin
serum levels (P=0.045) and the results are shown in
Tablel. In addition, the mean of serum ferritin level was
687.44+157.96 and 103.63£135.31 in the case and the control
group, respectively and the difference was statistically
significant (P=0.001) (Table 1). Nevertheless, no significant
relationship was found between serum troponin and
ferritin level (P=0.371), age (P=0.997) , BMI (P=0.933)
and numbers of transfusion (P=0.807) in case group).
(Table2). Also, no significant relationship was found
between serum troponin and sex (P=0.264) and chelation
therapy (P=0.903) (Table3).
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Table 1: Comparison of the two Groups Regarding Serum Troponin and Ferritin Levels

meanSD
Parameter (pg/mL) Case Control P value
Troponin 19.22+36.07 7.29+3.80 0.045
Ferritin 687.44+157.96 103.63+135.31 0.001

Table 2: The Relationship between Serum Troponin Level and Ferritin, Age, BMI, and Transfusion in the Case Group

Parameter The result of the statistical test
Ferritin r=0.145
P=0.371
Age r=0.001
P=0.997
BMI r=-0.014
P=0.933
Transfusion r=-0.04
P=0.807

Table 3: The Difference between the Serum Troponin Level and Chelator and Sex

mean+SD P value
Yes (n=23) 19.85+46.90
Chelator 0.903
No (n=17) 18.38+16.39
M (n=17) 11.58+8.91
Sex 0.264
(n=23) F 24.87+47.53

4. Discussion

In this study which aimed to assess the correlation
between troponin and ferritin in thalassemia patients, it
was found that regardless of chelatortherapy, number of
transfusions, hemoglobin, age, sex, and BMI, troponin
had significantly increased in the patients compared to
the healthy controls. Ferritin levels were also higher in
the patients with thalassemia. However, no significant
relationship was observed between troponin and ferritin.

Hessel et al. conducted a study on the release of troponin
after the cells infection and reported an increase in troponin
level (19). Kaplan S. et al. also performed a study entitled
“The chemical markers of myocardium on kids” and showed
T Troponin as a special heart biochemical marker in the early
stages of myocardial injury (20). In fact, after the apoptosis
and the cellular metabolic cession, troponin was released
from meiotic which resulted in its increase due to the cellular
injury in the serum (19). T Troponin increases even in case
of the smallest cellular damage and is considered as a
sensitive and specific marker in this regard (20).

The findings of the current study revealed a significant
difference between the two groups regarding the increase
in ferritin. In the same line, Saraya Ak. et al. conducted a
study in order to assess the serum ferritin in thalassemia
patients and reported an increase in ferritin (23). John C
et al. also reported a ferritin increase in their study of the
heart iron overload in transfusion-dependent patients (24).
In general, this iron overload is caused by two mechanisms:
blood transfusion and inadequate erythropoiesis (11).
In thalassemia, GDF15 protein, which is the result of
mutations in such patients, works as the inhibitor of peptide-
Hepcidin hormone and sends it’s reducing signal to the liver.
Following Hepcidin reduction, iron absorption from the diet
is increased by Ferroportin. Therefore, deficient erythrocyte
built in the spleen is trapped, resulting in iron release which
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eventually leads to an increase in ferritin (11,23,24).

The study results showed no significant relationship
between troponin and ferritin. Missow et al. also conducted
a study entitled “The markers of heart damage in patients
with hemoglobinopathy and hemocirtus resulting from
transfusion of high levels of troponin and ferritin” and
found no relationships between the two (4). In another
study, Koren et al. investigated right ventricular myocardial
dysfunction in the patients with major beta thalassemia
and reported an increase in ferritin in the thalassemia
patients with cardiac involvement (25). Furthermore, John
C. Wood et al. studied the impact of iron assessment by
MRI and stated that an increase of ferritin would end up
in an increase in the risk of cardiac toxicity (13). Iron over
load decreases DMT], a transferrin-bonded transporter to
transferrin; i.e., an iron-regulatory mechanism in the body’s
normal physiological conditions. Under iron overloaded
conditions, these mechanisms are lost, extra iron is released,
and free radicals are formed. Following the formation of
oxygen free radicals, damage occurs in the protein and
the lipid of the myocyte membrane. Then, the free radical
inactivates the ATPase sodium - potassium pump in the
sarcolemma membrane and results in abnormality in the
potential conductivity in the heart. After the Lysosome
damage, the lysosome enzymes enter the miosit cytoplasm
and cause the miosit injury and death (5,6). Atiq M. et al.
carried out a research entitled “Cardiac disease in beta-
thalassemia major: is it reversible?” and reported that the
patients under chelation therapy were faced with cardiac
involvement as well as higher ferritin. However, other
causes of heart involvement included cardiac iron status,
involvement of the myocardial fiber numbers, and structural
effects caused by chronic anemia (5). In the present study,
the patients were affected by longterm chronic anemia
and hemoglobin-deprived hypoxia in order to confront the
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effects of iron overload. The study showed that ferritin and
troponin increased independently.

In the current study, no relationship was found between
hemoglobin and troponin levels. Adams et al., in their study
on the association between anemia and T troponin, reported
a relationship between increased troponin and inadequate
erythropoiesis as well as decreased hemoglobin and
considered it as a reflection of cardio-myopathy injury (7).

The relationship between bone marrow activity and
cardiovascular disorders can be related to red blood cell
function in circulation and available oxygen and, hypoxia
,and Subsequent lead to ischemia (7). In fact, due to
hemoglobin loss, anemia leads to an imbalance of oxygen
supply and demand followed by hypertrophy (9). Meanwhile,
there is a vicious cycle between improper erythropoiesis and
cardiomyocyte injury. Inappropriate erythropoiesis leads to
an increase in the plasma volume in order to compensate the
hypoxia resulting from cardiomyopathy (18). On the other
hand, hypoxia results in decreased vascular resistance and
vessel injuries, especially the blood vessel arteries to the
miocits. Therefore, several microinfarcts occur in response
to hypoxia (18,26).

In this study, chelator application had no significant
relationship with troponin level. Hahalis G et al.
performed a study entitled “Right ventricular
cardiomyopathy in major thalassemia patients” and
stated that despite the use of chelation therapy, the heart
involvement was highly prevalent although the prognosis
of the patients was improved (21). It is emphasized that
cardiac involvement in these patients is not just cause
of iron overload and a similar increase in ferritin which
can prevent heart trouble through chelation therapy.
Moreover, the patients in the current study had no proper
chelation therapy.

In this study, the number of transfusions showed no
significant association with troponin level. N. O. Kuck et
al. in a study on evaluation of cardiac function in major
thalassemia patients expressed that myocardial siderosis”
could cause cardiac dysfunction and depended on the
number of transfusions in these patients (27). Moreover,
Leon et al. in a study of early detection of heart function
in the patients with major thalassemia and iron overload
recognized that the number of transfusion periods was
effective on cardiac involvement (28). In another study on
physiology and pathophysiology of iron cardiomyopathy in
thalassemia, John C. et al.

Definite regular transfusion in patients with major
thalassemia to stop the destructive effects of ineffective
erythropoiesis , marrow expansion and improved patients
quality of life . In addition, long-term transfusion leads to
chronic anemia and, subsequently, high cardiac output and
cardiomyopathy (29).

5. Conclusion

According to the current study and the above-
mentioned findings, Troponin T can play an important
prognostic role in early stages of cardiac damage before
conventional echocardiography in the patients with major
Beta thalassemia. Thus, it would be possible to measure
troponin as a sensitive and unique marker for detecting
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micro- injuries in their early stages and prevent cardiac
dysfunction spread in these patients.
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