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Abstract

Background: Heart disease is the leading cause of mortality and morbidity in patients with beta-thalassemia. Vitamin D and
calcium deficiency are common in these patients. We studied and compared vitamin D and calcium levels and other parameters
with echocardiographic findings in patients with beta-thalassemia.

Methods: A cross-sectional study on patients with transfusion-dependent thalassemia was conducted. One hundred sixty-nine
patients with transfusion-dependent thalassemia were enrolled. Ejection fraction, valvular insufficiency, and aortic diameter
were determined. The aortic diameter of patients was measured using the Mindray DC60 echo model. All of these patients were
tested for levels of vitamin D, calcium (Ca), parathyroid hormone (PTH), alkaline phosphatase (ALP), platelet (PLT), and ferritin.
Finally, the effect of these factors on aortic root (AR), aortic valve area (AVA), and ejection fraction (EF) was evaluated. One-way
ANOVA was used to compare quantitative variables, and a chi-square test with a 95% confidence level was used to estimate
relationships and compare ratios in groups.

Results: A statistically significant relationship existed between vitamin D deficiency and serum Ca (P value=0.009). Our results
showed that EF also increased with the increase in vitamin D levels, and the probability that the AR would have a normal size
increased. Furthermore, abnormal PTH and PLT levels caused a decrease in EF.

Conclusion: This study showed an association between vitamin D deficiency and cardiac function in patients with transfusion-
dependent thalassemia. Vitamin D can be considered a supplement for thalassemia patients.
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Introduction

Thalassemia, caused by a disruption in the synthesis of
the protein part of the hemoglobin molecule, is one of the
common genetic diseases in Iran. As a result, the oxygen
supply to the organs is disturbed (1). Thalassemia has two
main types, alpha and beta, based on the defect or non-
production of globin chains. Each of these two types has
several sub-branches (2).

Thalassemia is more common in the Mediterranean
basin, tropical areas, and areas close to them in Asia and
Africa; parts of Africa, Turkey, Iran, India, and Southeast
Asia are called the global thalassemia belt (3). Iran is also
located on this belt, and compared to other countries in this
area, it has a high incidence rate of beta-thalassemia (4).

Furthermore, the average prevalence rate of thalassemia
carriers in Iran is 4%, varying in different provinces, with
the highest prevalence rate of 9.5% in Kerman (5). Clinical
symptoms of beta-thalassemia major usually appear
between 6 and 24 months of age. They are caused by the

continuous destruction of defective red blood cells, which
is why these patients need lifelong blood transfusions
to survive. Despite the administration of iron chelators
such as deferoxamine (alongside blood transfusion), all
these patients have some degree of iron overload due
to the recycling of iron resulting from the destruction
of red blood cells. Iron deposition in the body’s vital
organs, including the cardiovascular system, will cause
heart failure (6,7). Research has shown that more than
half of the deaths in thalassemia patients are caused by
this complication (8). According to recent studies, heart
complications in thalassemia patients can be influenced
by other factors, such as the balance of vitamin D and
calcium (Ca) (9,10).

On the other hand, damage to the parathyroid gland
in these patients (due to iron accumulation) will lead to
disturbances in Ca metabolism, and the result of these
extensive changes will be a negative impact on vitamin
D and Ca levels (11,12). In several studies, vitamin D
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deficiency has been reported in thalassemia patients (13),
andina case-control study, it was shown that 82% of people
with thalassemia have vitamin D deficiency. In addition,
some studies have observed a direct relationship between
vitamin D deficiency and heart function (14). Despite the
mentioned reasons, the information obtained in this field
still needs to be revised. A relationship between vitamin
D deficiency and iron levels or cardiac function has not
been observed in patients with transfusion-dependent
thalassemia (15).

Therefore, to detect the criteria of aortic involvement,
valve size, sinotubular junction, and the initial part of the
ascending aorta were compared with normal values.

The prevention of heart disease plays a vital role in
increasinglife expectancy and improving the quality of life
of these patients. The studies on the relationship between
vitamin D levels and cardiovascular diseases in these
patients are limited and have yielded conflicting results.
This issue reduces the generalizability of the results of
these studies. Therefore, the present study was designed
to investigate the relationship between vitamin D levels
and heart function in patients with beta-thalassemia to
investigate newer aspects of factors affecting cardiac
complications in these patients.

Materials and Methods

The current study was a cross-sectional study conducted
between 2018 and 2019 in Kerman city. The statistical
population of this study was patients with thalassemia in
Kerman. Based on this, 169 people were included in the
study using the available sampling method. The inclusion
criterion was thalassemia major. Also, patients who,
besides thalassemia, had cardiovascular complications
caused by concomitant diseases such as Marfan syndrome
were excluded from the study.

Data collection

Using the Mindray DC60 echo model, the ventricular
function (ejection fraction), valvular insufficiency, and
aortic diameter of patients were measured, and the
obtained values were compared with normal values based
on the body surface, age, and gender of the people, and
normal and abnormal values were interpreted. A 25(OH)
vitamin D ELISA kit was used to evaluate the vitamin
level.

Ferritin, Ca, parathyroid hormone (PTH), platelet
(PLT), and alkaline phosphatase (ALP) levels were also
extracted from the records during six months, and patients
were classified into two groups, normal and abnormal,
based on the status of ferritin, Ca, ALP, PTH, and PLT.
Based on blood vitamin D levels, they were divided into
three groups: deficient, insufficient, and sufficient.

Aorta size is strongly related to body surface area
(BSA) and age. Therefore, BSA predicts aortic root (AR)
diameter in several age intervals. Ozdemir and et al age-

based classification is used to evaluate the echo criteria
(16). They used published equations to consider three
age strata: younger than 20 years, 20-40 years, and older
than 40 years. These normal values have been accepted to
date as the reference values. Aortic root dilatation at the
sinuses of Valsalva is defined as an AR diameter above
the upper limit of the 95% confidence interval (CI) of the
distribution in a large reference population. In adults,
a 2.1 cm/m? diameter has been considered the upper
normal range in the ascending aorta.

Also, the demographic variables of age, sex, and place of
residence were recorded in the data collection checklist.
The relationship between the level of ferritin, vitamin D,
Ca, ALT, PTH, and PLT and the diameter of the aorta
and cardiac output was assessed. One-way ANOVA was
used to compare quantitative variables, and a chi-square
test with a 95% confidence level was used to estimate
relationships and compare ratios in groups. All analyses
were performed using Stata 17 software (Stata Corp.,
College Station, TX, USA).

Results

The main characteristics of the patients and the laboratory
findings are shown in Table 1. A total of 169 patients
(50.60% male and 49.40% female) with transfusion-
dependent thalassemia participated in the study. Of the
patients, 40% lived in the suburbs and 60% in the city.
All patients were receiving iron chelation therapy. The
overall mean age of the patients was 22.94+8.57. In the
group with vitamin D deficiency, 40% were women and
60% were men, and in the group with sufficient vitamin
D, 61% were men and 30% were women. The two sexes
had a borderline statistically significant difference in
vitamin D levels (P=0.05).

Patients with vitamin D deficiency had significantly
higher ferritin levels (3708.01+2407.72) compared to
those with insufficient (2735.21 +2422.15) and sufficient
(1904.06 + 1715.28) vitamin D levels (P=0.0001).

Also, the overall mean Ca level was 9.0+0.55, and the
highest level was 9.13+0.48 in the sufficient vitamin D
group. There was a statistically significant difference
between the three vitamin D levels based on their Ca
levels (P=0.0009). Other findings are shown in Table 1.

Table 2 shows the results of the relationship between
ejection fraction (EF) and factors affecting it. As can
be seen, 50% of patients with normal ferritin had
abnormal EF. This value was 51.5% for patients who had
abnormal ferritin, and this difference was not statistically
significant, i.e., ferritin had no effect on heart function in
these patients (P=1).

Among patients with sufficient vitamin D, about 42%,
and among those with insufficient vitamin D, about 43%
had normal EF. Among vitamin D-deficient subjects,
about 57% of patients had normal EF, which shows that
with the increase in vitamin D, the EF also increased.

30 |

Journal of Kerman University of Medical Sciences. Volume 31, Number 1, 2024



Vitamin D, calcium deficiency and cardiac function in patients with beta-thalassemia

Table 1. Main characteristics and laboratory parameters of patients with transfusion-dependent thalassemia grouped by vitamin D status

Vitamin D sufficiency

Vitamin D insufficiency

Vitamin D deficiency

Variable Total (N=169) (30-100 ng/mL, sufficient) (20-30 ng/mL, insufficient) (<20 ng/mL deficieny  © 21U
Age (years), mean+SD 22.94+8.57 21.92+10.51 22.58+7.31 24.15+7.07 0.3
Gender, No. (%) 0.05
Male 85 (50.60) 34 (60.71( 26 (54.17( 25 (39.06)

Female 83 (49.40) 22 (39.29) 22 (45.83) 39 (60.94)

Ferritin (ng/mL), mean+SD 2828.75+2322.20 1904.06+1715.28 2735.21+2422.15 3708.01+2407.72 0.0001
Ca (mg/dL), mean+SD 9.0+£0.55 9.13+0.48 9.07+0.50 8.84+0.61 0.009
ALP (IU/L), mean+SD 358.91+199.49 400.04+191.97 329.82+169.34 344.74+222.66 0.15
PTH (pg/mL), mean+SD 26.73+32.31 24.06+32.31 24.01+£10.34 31.18+20.60 0.16
PLT 1000/cumm, mean+SD 399.52+197.77 411.98+178.89 412.26+211.02 382.22+213.49 0.64
AVA, mean+SD 22.34+3.70 22.26+4.36 22.60+3.02 22.22+3.54 0.85
AR, mean+SD 31.24+6.41 31.91+8.86 31.48+3.59 30.49+5.46 0.46

Abbreviations: Ca, calcium; ALP, alkaline phosphatase; PTH, parathyroid hormone: PLT, platelet; AVA, aortic valve area; AR, aortic root.

Table 2. The relationship between the levels of ferritin, Ca, ALP, PTH, PLT,
and vitamin D with EF

EF

Variable Normal Abnormal P value

(>60), (<60),

No. (%) No. (%)
Ferritin
Normal (24-124 mg/dL) 1(50) 1(50) 1
Abnormal (<24,>124 mg/dL) 81 (48.5) 86 (51.5)
Ca
Normal (8.2-10.5 mg/dL) 78 (48.4) 83 (51.6) 1
Abnormal (<8.2,>10.5 mg/ 4(50) 4(50)
dL)
ALP
Normal (180-1200 IU/L) 72 (48.6) 76 (51.4) 1
Abnormal (<180,>1200 1UL) 10 (47.6) 11 (52.4)
PTH
Normal (8-76 pg/mL) 78 (49.4) 80 (50.6) 0.53
Abnormal (<8,>76 pg/mL) 4(36.4) 7 (63.6)
PLT
Normal (150-450) 52 (46.4) 60 (53.6) 0.51
Abnormal (<150, >450) 30(52.6) 27 (47.4)
Vitamin D,
<20 ng/mL Deficient 37 (57.8) 27 (42.4) 0.18
20-30 ng/mL Insufficient 21 (43.8) 27 (56.3)
31-100 ng/mL Sufficient 24 (42.9) 32 (57.1)

Abbreviations: EF, ejection fraction; Ca, calcium; ALP, alkaline phosphatase;
PTH, parathyroid hormone; PLT, platelet.

However, this relationship was not significant (P=0.18).
Furthermore, 50.6% of patients with normal PTH levels
had abnormal EF, even though this value was 63.6%
for patients with abnormal PTH levels, which indicates
that disorder in PTH levels causes a decrease in EF. The
relationship is not significant here either (P=0.53).
Although the observed relationship between PLT levels
and EF is insignificant (P=0.51), the results indicate that

EF decreases in these patients with a disordered level of
blood PLT, i.e., normal EF was seen in 53.6% of patients
with abnormal platelets, but 47.4% had abnormal EF.

Table 3 shows the effect of ferritin, Ca, ALP, PTH, PLT,
and vitamin D levels on the aortic valve area (AVA).
72.4% of patients with abnormal ferritin had abnormal
AVA, and this difference was borderline significant
(P=0.06).

In patients with abnormal Ca levels, 92% had abnormal
AVA although in those whose Ca was within the normal
range, only 70.6% had abnormal AVA. This difference
was close to the significant level (P=0.08)

In patients who had abnormal ALP, 84% had abnormal
AVA, but in patients whose ALP was in the normal range,
only 70% had abnormal AVA (P=0.13). However, this
frequency difference implies that ALP outside the normal
range increases the probability of abnormal AVA.

Furthermore, 75% of patients with vitamin D deficiency,
67.2% with insufficient vitamin D, and 70.5% with normal
vitamin D levels had abnormal AV A, which shows that
increasing the vitamin D level decreases the probability
of abnormal AVA. The differences between these three
groups were not statistically significant (P=0.18).

Table 4 shows the effect of ferritin, Ca, ALP, PTH, PLT,
and vitamin D levels on AR. It is also shown here that in
patients with abnormal ferritin levels, the frequency of
abnormal AR size is 24% higher than in patients whose
ferritin levels are within the normal range (73.3 vs. 50).
Also, it has been shown that the frequency of abnormal
AR size is 12% higher in patients with abnormal Ca levels
(84.6 vs. 72.4). In addition, the frequency of abnormal-
size AR in patients with abnormal ALP is more than
10% compared to normal ALP levels (83.9 vs. 71.4).
Furthermore, patients with higher vitamin D levels have
a more normal AR size than patients with vitamin D
deficiency; all the above differences were insignificant
(all P values were=>0.05). Other results are shown in
Table 4.
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Table 3. The relationship between the levels of ferritin, Ca, ALP, PTH, PLT,
and vitamin D with AVA

Table 4. The relationship between the levels of ferritin, Ca, ALP, PTH, PLT,
and vitamin D with AR

AVA AR

Normal Abnormal P Abnormal

Variable @118 (<192,>228  yalue Variable @ 1’1‘;’;’?:“) (<19.2,>22.8 Pvalue
mm) mm) No. (%) mm)

No. (%) No. (%) No. (%)
Ferritin 0.06 Ferritin 0.46
Normal (24-124 mg/dL) 2 (100) 0 Normal (24-124 mg/dL) 1(50)
Abnormal (<24,>124 mg/dL) 62 (27.6) 163 (72.4) Abnormal (<24,>124 mg/dL) 60 (26.7) 165 (73.3)
Ca 0.08 Ca 0.52
Normal (8.2-10.5 mg/dL) 63 (29.4) 151 (70.6) Normal (8.2-10.5 mg/dL) 59 (27.6) 155 (72.4)
Abnormal (<8.2,>10.5 mg/dL) 1(7.7) 12 (92.3) Abnormal (<8.2,>10.5 mg/dL) 2 (15.4) 11 (84.6)
ALP 0.13 ALP 0.19
Normal (180-1200 IU/L) 59 (30.1) 137 (69.9) Normal (180-1200 IU/L) 56 (28.6) 140 (71.4)
Abnormal (<180,>1200 IU/L) 5(16.1) 26 (83.9) Abnormal (<180,>1200 IU/L) 5(16.1) 26 (83.9)
PTH 0.57 PTH 1
Normal (8-76 pg/mL) 58 (27.6) 111 (64.7) Normal (8-76 pg/mL) 57 (27.1) 153 (72.9)
Abnormal (<8,>76 pg/mL) 6 (35.3) 52 (72.4) Abnormal (<8,>76 pg/mL) 4(23.5) 13 (76.5)
PLT 0.53 PLT 0.87
Normal (150-450) 39 (26.5) 108 (73.5) Normal (150-450) 39 (26.5) 108 (73.5)
Abnormal (<150,>450) 25(31.3) 55 (68.7) Abnormal (<150, >450) 22 (27.5) 58 (72.5)
Vitamin D, 0.58 Vitamin D, 0.96
<20 ng/mL deficient 21 (25) 63 (75) <20 ng/mL deficient 23 (27.4) 61 (76.2)
20-30 ng/mL insufficient 20 (32.8) 41 (67.2) 20-30 ng/mL insufficient 16 (26.2) 45 (73.8)
31-100 ng/mL sufficient 23 (29.5) 55 (70.5) 31-100 ng/mL sufficient 22 (28.2) 56 (71.8)

Abbreviations: Ca, calcium; ALP, alkaline phosphatase; PTH, parathyroid
hormone; PLT, platelet; AVA, aortic valve area.

Discussion

According to the results obtained from the present study,
the average serum ferritin in the examined patients
was higher than normal. However, serum vitamin
D was lower than normal, and other hematological
indicators were within normal range. Also, in the
echocardiographic evaluation, more than half of the
patients had heart failure, and more than one-third had
aortopathy. In other similar studies, heart complications
in thalassemia major patients were reported as among
the main complications of these patients. For example, in
the study by Oztarhan et al, the ventricular dysfunction
index in patients with thalassemia major was reported
to be higher than in healthy individuals (17). Also, in
an analytical study, the diastolic function of the heart of
patients with thalassemia major was compared with a
control group, and the results showed that the diastolic
function was impaired before the systolic function was
impaired (18). In Chahkandi and colleagues’ study, left
ventricular diastolic dysfunction was the most common
finding in echocardiography of patients with thalassemia
major (19). Cardiac disorders in thalassemia patients are
mainly attributed to iron overload. Previous studies have
also shown iron overload in thalassemia patients (20).
Based on confirmed hypotheses, iron accumulation in

Abbreviations: Ca, calcium; ALP, alkaline phosphatase; PTH, parathyroid
hormone; PLT, platelet; AR, aortic root.

cells causes the initiation of the Fenton and Haber-Weiss
reactions and the production of superoxide, hydrogen
peroxide (H202), and hydroxyl radicals in cells. Hydroxyl
radical, a strong oxidizer, can cause cell membrane
permeability and lipid peroxidation changes. These
changes will also cause the leakage of hydrolytic enzymes,
cell damage, and subsequent cardiac myocyte death.
In cases with myocardial ischemia, iron overload can
accelerate the reperfusion disorder caused by ischemia,
and this causes an autocatalytic process and ultimately
leads to cardiomyopathy (21,22). In addition, according
to studies, iron overload reduces cardiac function;
however, many patients are asymptomatic despite the
high volume of cardiac iron storage (23). These studies’
results are consistent with our study’s results, i.e., with
an increase in serum ferritin levels in the present study,
abnormality occurred in all three criteria for evaluating
cardiac function, including EF, AR, and AVA.

Also, Saadatifar et al showed that in thalassemia
patients, there is an inverse relationship between the
increase in iron levels and vitamin D serum levels, which
can cause cardiac dysfunction (24).

In addition, Koca Yozgat et al showed that thalassemia
patients have cardiac dysfunction and deficiencies in
vitamin D levels (25).
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Although the studies show that parathyroid levels and,
subsequently, Ca levels are low in patients with beta-
thalassemia, some studies have found a significant negative
relationship between high ferritin levels and parathyroid
function (26). However, some studies have proposed a
new hypothesis concerning beta-thalassemia patients.
Saki et al and Dejkhamron et al hypothesized that high
ferritin levels in thalassemia patients may stimulate PTH
secretion in normal parathyroid function. As a result,
PTH and serum Ca are normal (27,15). In another study
with a larger sample size, a direct relationship between
ferritin and PTH levels was observed (12,15). The present
study’s findings are also in line with this hypothesis, i.e.,
most of the studied subjects had normal parathyroid
function and Ca. However, the vitamin D levels in most
of the patients in this study were below the normal range.

Although the lack of vitamin D in these patients can
be due to the reduction of outdoor activities, genetic
and ethnocultural factors, dark skin, or wearing clothing
that reduces sun exposure (15), hepatic dysfunction of
vitamin D-250H hydroxylation and secondary chronic
renal disease caused by iron overload have also been
mentioned as essential causes of vitamin D conversion
disorder in its active form in patients with thalassemia
(10,28). In addition, the role of fibroblast growth factor
23 (FGF23) in suppressing the production of this vitamin
in the kidney has also been considered (29). Studies have
shown that vitamin D directly and indirectly affects
the cardiovascular system (30,31). Some past studies
have observed a direct relationship between vitamin D
deficiency and heart function. In Wood and colleagues’
study, a positive direct relationship was observed
between LVEF and the amount of 25-hydroxyvitamin
D and the D25-OH/D1-250H ratio (10). Also, in the
results of other studies, it has been shown that vitamin
D deficiency in thalassemia major patients is related
to cardiac cytological disorders and causes increased
inflammation and inflammatory cytokines, fibrosis, and
oxidative stress, leading to cardiac disorders in this group
of patients. (32-34).

Additionally, it has been demonstrated in the findings
of other studies that vitamin D deficiency in patients with
thalassemia major is associated with cardiac cytological
disorders, increases inflammation and inflammatory
cytokines, causes fibrosis, and increases oxidative stress, all
of which contribute to cardiac disorders in these patients.
However, our investigation found no association between
vitamin D levels and heart function indicators. Other
factors like anemia and high ferritin levels have a more
significant effect. Also, there was no association between
vitamin D levels and cardiac function in Dejkhamron and
colleagues’ study (15). However, this discrepancy can be
attributed to the small sample size.

According to a review of studies, parathyroid levels
and Ca levels are low in patients with beta-thalassemia

(36). However, parathormone hormone levels in the
current study were within normal range. Thus, the
normal Ca level in the patients examined in the current
study is acceptable. In addition, due to the importance
of Ca homeostasis, its amount is controlled by specific
systems to be maintained within the normal range (37).
It is recommended to test bone mineral density in the
following examinations to assess the body’s Ca levels.

In general, the sample size in the current study was low,
which is one possible reason for the lack of significant
relationships.

Conclusion

The findings of this study demonstrated that a
considerable proportion of thalassemia major patients
have cardiac failure and aortopathy. Furthermore, the
frequency of cardiac complications was lower in patients
without vitamin D and Ca deficiency. However, some of
these results were insignificant, possibly due to the small
sample size and short duration of the current study.
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