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Abstract

of serum calcium, phosphorus, and 25-OH-vitamin D.

Background: Beta-thalassemia major patients are at increased risk of complications including endocrinopathies and
bone disease due to iron overload. So, this study aimed to assess the growth parameters, serum levels of 25-OH-
vitamin D, calcium, and phosphorous in children with beta-thalassemia major. This was a case-control study that
included 55 children with beta-thalassemia major compared with 30 sex- and age-matched healthy children that
served as a control group. All enrolled children were subjected to full history taking, clinical examination including
anthropometric measurements, and laboratory investigations including complete blood count, serum ferritin, levels

Results: Body mass index was statistically significantly lower in the thalassemic group (P < 0.001). It was observed
that vitamin D levels were significantly lower in thalassemic patients than in controls (P value < .0001). The mean
serum 25-OH-vitamin D levels were 19.84 + 579 ng/ml and 44.98 + 5.77 ng/ml, respectively; 22 cases (40%) had
insufficient vitamin D, and 5 cases (9%) had deficient vitamin D. Regarding serum calcium and phosphorous, there
was no significant difference between the thalassemic and control groups.

Conclusion: Children with beta-thalassemia major had low body mass index and metabolic abnormality in the
form of lower serum levels of vitamin D that signify the importance of therapeutic interventions.
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Background

Thalassemia is the most relevant genetic disorder in
humans being found in nearly every nation and mostly
in the Mediterranean regions, hence the name [1]. It var-
ies clinically from silent heterogeneous thalassemia
minor to significant transfusion-dependent thalassemia
major [2]. In Egypt, p-thalassemia represents a signifi-
cant public health issue. It has been estimated that out
of 1.5 million live births, 1000 kids are born annually
with significant thalassemia major. The carrier rate in
Egypt was recorded to be between 9 and 10% [3] due to
the elevated consanguineous marriage, which might
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reach 35.3%, that helps accumulating deleterious genes
in families [4].

Bone disease from thalassemia has emerged as a sig-
nificant challenge and a prominent cause of morbidity in
both sexes. Thalassemic patients have numerous bone
illnesses, including bone deformities, bone pain, rickets,
scoliosis, pathological fractures, osteopenia, and osteo-
porosis [5]. The etiology of thalassemia-associated bone
diseases is complex multifactorial including hormonal
deficiency, owing in particular to hypogonadism and
hypoparathyroidism secondary to hemosiderosis, mar-
row expansion, iron overload, and desferrioxamine tox-
icity, that affect bone metabolism seriously [6, 7].

Vitamin D is critical for calcium homeostasis and
mineralization of the skeleton [8]. Its deficiency leads to
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reduced bone mineralization and loss of cortical bone,
resulting in osteopenia osteoporosis syndrome (OOS)
[9]. Here, we aimed to assess the growth parameters,
vitamin D, calcium, and phosphorus status in children
with beta-thalassemia major.

Methods

This case-control study took place in the outpatient
hematology clinic, between December 2016 and Decem-
ber 2018. The study was conducted on 85 Egyptian chil-
dren divided into group I (beta-thalassemia major
group) that included 55 children; their diagnosis was
based on standard criteria, including Hb electrophoresis,
regularly transfused with packed RBCs, and regularly re-
ceiving chelation therapy [10]. The exclusion criteria in-
cluded other chronic hemolytic anemia, feeding
difficulties or malnutrition diseases, and children who
have other chronic diseases (cardiac diseases, chest dis-
eases, renal disease, etc.). Group II included 30 age- and
sex-matched healthy children as the control group col-
lected from the general population. All cases and control
were not receiving vitamin D-containing preparations.
The current study was approved by the medical research
ethical committee of the faculty of medicine. All subjects
were informed about the procedures and the aim of the
study, and an informed written consent was obtained
from the parents or caregivers of the enrolled children.

Methods
Enrolled children were subjected to the following:

e Thorough history taking with stress on age at first
transfusion, type, and duration of chelation;
compliance to chelation therapy; and history of
splenectomy.

e Clinical examination, including clinical evidence of
complications of iron overload and skin
hemosiderosis and anthropometric measurements of
patients and controls including age, sex, weight,
height, and Z-score were recorded. Weight was
measured in kilograms (to the nearest 100 g) using
an electronic digital scale, and its accuracy was
periodically verified using reference weights. Height
was measured in centimeters (measured to the
nearest millimeter); children were measured on
scales with height gauges, the subject standing with
the back against the gauge and the feet on the
weighing platform. Software program combines the
raw data on the variables (age, sex, length, and
weight) to compute a nutritional status index such
as Z-score, weight-for-height, weight-for-age, and
height-for-age [11]. BMI (weight/height [2]) was cal-
culated for both boys and girls at different ages and
was compared with standardized percentile curves
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of BMI for children and adolescents [12]. In the
study, less than the 10th percentile of BMI was con-
sidered as underweight

e Laboratory investigations.

Blood sample: venous blood, 5ml, was drawn under
complete aseptic conditions and distributed as follows:

1. Whole blood, 1 ml, was taken in an EDTA
vacutainer and mixed gently. This sample was used
to measure complete blood count, which was
performed by an automated hematology system (by
SysmexKX-21 N; Sysmex Corporation, America,
Inc., Mundelein, IL, USA) [13].

2. Samples of blood, 4 ml, were taken in plain test
tubes without anticoagulants. The samples were
allowed to clot for 30 min at room temperature and
then centrifuged for 15 min at 1000xg. The serum
was removed, aliquoted, and stored at < — 20 °C
until used. The separated serum was used for the
following:

(a) Serum ferritin (ng/ml) was estimated by
enzyme-linked immunosorbent assay (ELISA;
R&D Systems, Minneapolis, MN, USA). The
normal range for ferritin is 20-280 ng/ml for
males and 10—140 ng/ml for females

(b) Serum level of calcium (mg/dl) was estimated
using BIOSYSTEM A15 using kits supplied
(Spectrum, Germany) with lot number
CALCO013017, reference number: 226001 (2 x
30 ml).

(c) Serum level of phosphorus (mg/dl) was
estimated using by BIOSYSTEM A15 using kits
supplied (Spectrum, Germany) with lot number
PHOKO0101017, reference number:294001 (4 x
25 ml)

(d) Alkaline phosphatase and liver function tests
[aspartate aminotransferase (AST), alanine
aminotransferase (ALT)] were estimated using
BIOSYSTEM A15 auto-analyzer by appropriate
chemical principles. Hepatitis B surface antigen
(HBsAg) and anti-HCV antibody (HCV-Ab) by
enzyme-linked immunosorbent assay (ELISA)
were done, and confirmation of HCV and HBV
infection was done by using PCR (Biokit, Spain)
as these data collected from medical records of
the patients.

(e) Serum levels of 25-hydroxyvitamin D by
enzyme-linked immunosorbent assay (ELISA)
(ng/ml): quantitative measurement of bioactive
vit. D was carried out using sensitive competi-
tive ELISA kits supplied from WKEA Med Sup-
plies Corporation, China. The normal level of
vitamin D is defined as a 25-OH-vitamin D
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concentration greater than 20 ng/ml (> 50 nmol/
1). Vitamin D insufficiency is defined as a 25-
OH-vitamin D concentration of 12—20 ng/ml
(30-50 nmol/l). Vitamin D deficiency is defined
as a 25-OH-vitamin D level less than 12 ng/ml
(< 30 nmol/l) [14].

Statistical methods

All statistical analyses were carried out using STATA/SE
version 11.2 for Windows (STATA Corporation, College
Station, TX). All results were expressed as mean and SD
values for parametric data and median; Student’s t-test
was used for the mean values. The Mann-Whitney test for
non-parametric quantitative data and chi-square test were
used for comparing the categorical variables. Pearson cor-
relation and Spearman were used for the correlation in
parametric and non-parametric data, respectively. For all
analyses, the level of significance was set at P < 0.05.

Results

The study was conducted on 85 children divided into
group I (beta-thalassemia major group) that included 55
children with BTM aged (5-17 years) with a mean age of
8.79 + 4.56 years; they were 36 (65%) male and 19 (35%)
female. Group II (control group) included 30 children
age- and sex-matched, with a mean age of 8.02 + 4.65
years, ranged 5—17 years; they were 20 (66%) males and
10 (33%) females. There was a statistically significant dif-
ference between the studied groups regarding weight,
height, and BMI as they were statistically lower in the
thalassemic group. As regards the family history of thal-
assemia, it was statistically higher in the thalassemic
group (P < 0.001); however, there was no statistically sig-
nificant difference as regards the age, sex, and consan-
guinity (Table 1)
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The clinical manifestations of the thalassemic group
were as follows: 96% had pallor, most of them (78%)
had mongoloid features, 86% had jaundice, 48 cases
had hepatomegaly, 9 cases had splenectomy, and 36
cases had splenomegaly. None of the patients had
HBV infection, but 12% had HCV infection. The
mean age of the onset of first blood transfusion was
10.34 + 7.36 months, and the mean rate of frequency
of transfusion was 3.94 + 1.43 weeks. As regards the
type of iron-chelating agent, most of the patients
(54.5%) used deferasirox, followed by desferrioxamine
with deferasirox (25.45%), deferiprone (12.73%), and
desferrioxamine (1.82%), and 5.45% have not received
any iron-chelating agent.

Regarding hemoglobin, MCV and MCH were signifi-
cantly statistically lower in the thalassemic group than in
the control group. Ferritin and liver function tests (ALT,
AST) were statistically significantly higher in the thalas-
semic group than in the control group; however, there
were no statistically significant differences in MCHC,
WBCs, or platelets count (Table 2).

There was a statistically significant difference between
the studied groups as regards the alkaline phosphatase
levels and serum phosphorus as they were significantly
higher in the thalassemic group than in the control group,
but serum levels of calcium and 25-hydroxyvitamin D
were much lower in the thalassemic group than in the
control group; 22 cases (40%) had insufficient vitamin D
(12-20 ng/ml), and 5 cases (9%) had deficient vitamin D
(<12 ng/ml) (Table 3).

There was no statistically significant correlation be-
tween the serum levels of 25-hydroxyvitamin D, calcium,
phosphorus, and different variables among the thalasse-
mic group (Table 4).

Table 1 Sociodemographic data and anthropometric measurements of the studied group

Variable Thalassemic group (no. = 55) Control group (no. = 30) Test P
Mean + SD Range Mean + SD Range
Age (years) 8.79 £ 4.56 5-17 8.02 + 4.65 5-17 t=074 046
Weight (kg) 20.78 + 1244 9-56 28.73 + 14.87 11-65 Z=1233 0.02 ()
Height (cm) 11044 + 25.04 75-150 12117 + 26.24 77-170 Z=120 0.04 ()
BMI (kg/mz) 17.04 + 233 13-24 1845 + 1.87 16-23 =305 0.003 (5)
No. % No. % Chi-square test
Sex Female 19 34.55 10 3333 0.01 091
Male 36 65.45 20 66.67
Family history of thalassemia ~ No 26 47.27 30 1000 24.01 <0.001 (HS)
Yes 29 52.73 0 0.0
Consanguinity Negative 26 47.27 20 66.67 294 0.09
Positive 29 5273 10 3333

t Student t-test, Z Mann-Whitney test, BMI body mass index, P probability (significant if < 0.05)
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Table 2 Comparison between the studied groups regarding CBC parameters and liver function tests
Variable Thalassemic group (no. = 55) Control group (no. = 30) Mann- P

Mean + SD Range Mean + SD Range ll:i\titney
HB (g/dl) 8.14 £ 1.09 59-108 11.77 £ 0.56 10.8-12.7 7.59 <0.001 (HS)
MCV (fl) 69.04 + 6.68 52.3-633 81.1 £ 263 76.9-87.3 7.29 <0.001 (HS)
MCH (Pg) 23.11 + 3.06 16.5-24.5 28.84 + 2.66 234-353 =898 <0.001 (HS)
MCHC (g/dl) 334 £ 271 27.4-309 3373 £1.18 31.3-36.3 0.97 033
WBCs (103/p|) 9.02 £ 45 3.8-30.7 8.14 £ 2.39 45-13.7 032 0.75
Platelets (103/u|) 33936 + 1773 150-1262 276.97 + 54.1 175-365 1.63 0.10
Ferritin (ng/ml) 2739.71 + 2268.8 310-11,051 50.03 = 30.63 15-150 7.59 <0.001 (HS)
ALT (U/1) 63.27 *+ 44.31 12-165 19.57 + 4.85 13-27 6.11 <0.001 (HS)
AST (U/1) 58.96 + 37.96 11-184 332+ 719 23-45 333 <0.001 (HS)

t Student t-test, HB hemoglobin, MCV mean corpuscular volume, MCH mean corpuscular hemoglobin, MCHC mean corpuscular hemoglobin concentration, WBCs
white blood cells, AST aspartate aminotransferase, ALT alanine aminotransferase, Hs highly significant

Discussion
Patients with thalassemia are subject to various compli-
cations such as impairment of development, endocrino-
pathies, and metabolic derangements. Proper circulation
of vitamin D is crucial for ideal skeletal health and re-
duces the danger of fracture [6]. In the present study re-
garding weight, height, and body mass index (BMI), they
were significantly lower in the thalassemic group. Similar
findings were reported by other workers; Hashemi et al.
[15] reported a low body mass index in 18.6% of their
patients with beta-thalassemia major. Growth failure is
prevalent in thalassemia patients as it is multifactorial,
associated with chronic hypoxia owing to chronic
anemia, chelation toxicity, low serum zinc concentration,
hepatic iron overload with hepatic dysfunction, and
iron-related endocrinopathies such as hypogonadism,
hypothyroidism, and growth hormone deficiency [16].
However Hamed et al. [17] found that the mean BMI of
their thalassemic patients was in the normal range.

In the current study, in beta-thalassemia cases, nearly
all of them (96%) had pallor, most of them (78%) had

hepatomegaly, 9 cases had splenectomy, and 36 cases
had splenomegaly. This is in agreement with Behairy
et al. [18] who found that the main presenting symptoms
were a moderate-to-severe degree of pallor and hepato-
megaly in all patients (100%), jaundice in 95.7%, and
splenomegaly in 75.7% with splenectomy performed in
14.3% of cases; the incidence of mongoloid features was
81.4%. Also, Salama et al. [19] found that thirty-two pa-
tients (40%) suffered from jaundice and 34 (42.5%) had
thalassemic features.

In the current study, the mean serum level of 25-OH-
vitamin D was significantly much lower in our thalasse-
mic patients than in controls; 22 cases (40%) had insuffi-
cient vitamin D (12-20 ng/ml), and 5 cases (9%) had
deficient vitamin D (< 12ng/ml). Vitamin D deficiency
and insufficiency are reported to be high in thalassemic
patients in many countries despite the presence of good
sunshine and routine prescription of 400-1000 IU vita-
min D per day. The risk of vitamin D deficiency in thal-
assemia and its relation to bone disease was high [20].

Vogiatzi et al. [16] reported that 12% of thalassemic

mongoloid features, 86% have jaundice, 48 cases had patients were vitamin D-deficient, and 82% had
Table 3 Comparison between the thalassemic and control groups regarding Ca, Ph, vitamin D, and alkaline phosphatase
Variable Thalassemic group (no. = 55) Mann- P
Mean * SD Range Mean + SD Range ll:?titney
Calcium (mg/dl) 561 + 087 6.5-86 971+ 034 8.9-10.2 1.25 <0.001 (HS)
Phosphorus (mg/dl) 528 + 1.06 31-76 325+ 0.71 3-55 t=017 <0.001 (HS)
Alkaline phosphatase (U/1) 299.13 + 83.15 168-582 16943 + 3568 85-310 6.93 <0.001 (HS)
Vit. D (ng/ml) 19.84 + 5.79 9.5-3135 4498 + 5.77 36-57 7.59 <0.001 (HS)
No. % No. %
Normal vit. D 28 50.90 30 100.00 FET <0.001 (HS)
Insufficient vit. D 22 40.00 - -

Deficient vit. D 5 9.09
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Table 4 Correlation between 25-OH-vitamin D, calcium, and phosphorus and studied variables among the thalassemic group

Variable (no. = 55) 25-OH-vitamin D (ng/ml) Ca (mg/dl) Ph (mg/dl)

Rho P Rho P Rho P
25-OH-vitamin D (ng/ml) 1.00
Ca (mg/dl) -0.19 0.16 1.00
Ph (mg/dl) -021 0.11 0.24 0.08 1.00
Age (years) 0.07 0.60 -0.20 0.14 0.05 0.73
Weight (kg) 0.1 041 -0.19 0.17 0.01 0.92
Height (cm) 0.09 0.50 -0.18 0.18 -001 091
BMI (kg/mz) 0.05 0.73 -0.01 0.92 0.002 0.99
Liver span (cm) 0.16 0.24 -0.17 0.22 0.06 0.63
Spleen length (cm) -0.01 0.95 -0.12 041 —-0.06 0.69
Age of start (months) 0.05 0.69 -0.12 037 —0.05 0.71
Rate/week 0.05 0.70 0.01 0.94 0.03 0.83
ALT (U/1) 0.17 0.21 0.09 052 -0.04 0.78
AST (U/) 0.11 042 —-0.05 0.74 -0.12 036
HB (g/dl) 0.26 0.05 0.03 0.84 -0.06 0.63
MCV (fl) 0.03 0.83 0.01 0.94 -020 0.14
MCH (Pg) -004 0.75 -003 0.85 —-0.06 065
MCHC (g/dl) —0.005 0.97 -0.10 0.46 0.13 0.36
WBCs (10°/) -0.11 042 0.18 0.18 -020 0.15
Platelets (10°/ul) —-0.02 0.87 -003 0.84 0.15 027
Ferritin (ng/ml) 0.06 0.65 —-0.008 0.95 -0.05 071
Alkaline phosphatase —0.004 097 0.25 0.07 0.13 033

ALT alanine transaminase, AST aspartate transaminase, HB hemoglobin, MCV mean corpuscular volume, MCH mean corpuscular hemoglobin, MCHC mean

corpuscular hemoglobin concentration, WBCs white blood cells count

insufficient levels. Also, Agrawal et al. [21] found that
the mean serum level of 25-OH-vitamin D was signifi-
cantly lower in thalassemic patients than in controls,
and 98% of thalassemic patients had vitamin D defi-
ciency. Merchant et al. [22] found vitamin D deficiency
in 62% Indian thalassemia major children and suggested
that vitamin D deficiency was a nutritional deficiency
and defective hydroxylation of vitamin D in the liver due
to hemochromatosis as all children had high serum fer-
ritin levels. Gombar et al. [1] found that the level of
serum vitamin D was significantly low (P value < 0.0001)
in thalassemic children. Also, Hagag et al. [23] found
that plasma 25-hydroxyvitamin D levels are found to be
significantly lower in patients compared to controls.

The Middle Eastern and North African regions repre-
sent some of the highest rates of hypovitaminosis D
worldwide. The prevalence of hypovitaminosis D in this
region varies from 30 to 90%, considering a desirable 25-
OH-vitamin D level of 20 ng/ml [24]. These deficient
levels might be attributed to decreased sun exposure
(conservative dressing culture and/or avoidance of ex-
posure to hot sunny weather) [25]. Also, the food fortifi-
cation policy is nearly absent in the majority of this
region [24]. Concerning thalassemic patients, there are

additional factors that might be implicated. Many au-
thors, who have reported low vitamin D concentrations
in thalassemia patients, attributed their results to hepatic
dysfunction leading to defective hydroxylation of vitamin
D and decreased serum levels [26].

In contrast to our results, Izzah et al. [27] found that
vitamin D and phosphorus levels of patients do not dif-
fer significantly from healthy controls; however, they
found that the mean calcium level was significantly
lower in thalassemic patients.

In our study, beta-thalassemia patients had signifi-
cantly higher serum phosphorus and alkaline phosphat-
ase levels, and serum calcium was significantly lower
than the control group. Results in these studies come in
agreement with Karim et al. [2] who found that beta-
thalassemia patients have shown significantly low serum
Ca levels (P < 0.05) in comparison with the controls.
Also, Hagag et al. [23] found that serum ionized calcium
levels are significantly lower in the patient group and
serum phosphorus and alkaline phosphatase levels are
significantly higher. The same results by Saboor et al
[28] found that serum calcium level was low as com-
pared with controls (P < 0.01). All patients had a high al-
kaline phosphatase level than in controls (P < 0.001).
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Levels of inorganic phosphorus were also high in pa-
tients than in controls. They explained their results by
the presence of iron overload and hemosiderosis result-
ing in endocrinopathies (parathyroid gland). Chelation
therapy in addition to cirrhotic changes due to hemosi-
derosis may also play a significant role in hypocalcemia.
Sultan et al. [29] found that hypocalcemia and hyper-
phosphatemia were seen in 66.6% and 19.4%, respect-
ively, while 25-OH-vitamin D deficiency was present in
72.2% of thalassemic patients.

In contrast to our results, Salama et al. [30] found that
serum phosphorus level was significantly higher in their
thalassemic patients than in the controls but no alteration
in calcium level in B-thalassemia major patients as com-
pared with controls; this may reflect hypoparathyroidism.

Conclusion

Vitamin D insufficiency was common in children with
beta-thalassemia major. Also, children with beta-
thalassemia major had low BMI and metabolic abnor-
mality in the form of low serum calcium and higher
serum phosphorus and alkaline phosphatase. The pres-
ence of these abnormalities may be due to iron overload
and poor nutritional support and they need frequent
monitoring for early detection and management.
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