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Abstract: β-thalassemia is a genetic disorder affecting chromosome 16, inherited from one or both
parents. In spite of the improved treatment of the hematological disorder and its complications,
β-thalassemic patients still exhibit an imbalance in bone mineral turnover, resulting in diminished
bone mineral density (BMD), more evident in the lumbar spine. The purpose of this study was to
investigate the association between genetic polymorphism of the PPAR-γ gene and the presence of
osteopenia or osteoporosis in children with β-thalassemia. This case–control study was conducted on
50 children with β-thalassemia from the pediatric hematology unit of Beni-Suef University Hospital,
including 50 healthy children as the control group. The age range was 8 to 18 years. Samples of
patients and control subjects were analyzed for the presence of polymorphisms of the PPAR-γ gene
and other blood labs. An assay of BMD measure using dual-energy X-ray absorptiometry (DXA) was
performed to investigate osteopenia or osteoporosis. Statistical analysis was used to investigate the
relationship between the risk of osteopenia or osteoporosis and the presence of PPAR-γ Pro12Ala
gene polymorphism. Eighteen (eleven males and seven females) of fifty patients (representing 36%
of the patients group) have osteopenia with low bone mineral density (Z-score is −1 or less than 1).
There was no statistically significant difference between BMD measurements in males and females.
By comparing the frequency of 12 Ala gene polymorphisms between the patient group and the
control group, we found that no statistically significant difference was detected. The BMD values
were not significantly different between the groups of PPAR-γ Pro12Ala gene polymorphism. In
conclusion, decreased BMD levels are frequent in β-thalassemia patients. PPAR-γ Pro12Ala gene
polymorphism is not common in Egyptian patients with β-thalassemia. No significant relationship
was found between the PPAR-γ Pro12Ala gene polymorphism and low BMD levels or osteopenia
in Egyptian β-thalassemia patients. However, further studies on a larger population of Egyptian
patients are needed to confirm this finding.
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1. Introduction

β-thalassemia is a genetic disorder inherited from one or both parents. Individuals
with thalassemia syndrome are most often African, Asian, Mediterranean, or Middle
Eastern descent [1].

However, the life span of patients with thalassemia has improved both in duration
and in quality in the recent decade in developed countries. Complications are still present
and common, including heart failure, arrhythmias, and chronic liver hepatitis, which can
evolve into cirrhosis and endocrine problems such as hypogonadism, hypothyroidism,
diabetes, hypoparathyroidism, delayed growth, and osteoporosis [2,3].

Patients with β-thalassemia develop bone disease, which is a major cause of morbidity.
Osteoporosis, rickets, scoliosis, nerve compression, spinal deformities, and fractures are
among these bone disorders [4].

In β-thalassemic transfused patients, impaired calcium homeostasis is usual and
primarily caused by iron overload. These patients have been found to have both impaired
25 OH vitamin D synthesis and/or hypoparathyroidism, both of which have a detrimental
impact on bone metabolism [5].

Peroxisome proliferator-activated receptor-γ (PPARγ) is a subgroup of the PPAR
family that controls lipid and glucose metabolism. Peroxisome proliferator-activated
receptor-γ plays an important role in fat cell differentiation, insulin sensitivity, and glucose
homeostasis in patients with type 2 diabetes [6].

On the other hand, the PPARγ gene is present on 3p25 in humans, and it contains nine
exons [7].

Many single ribonucleotide polymorphisms (SNPs) have been shown in the mutations
of the PPARγ gene in humans. One of these polymorphisms is Pro 12Ala (rs1801282),
which has the replacement of proline amino acid with alanine amino acid at the codon 12
in exon B [8].

According to previous studies, PPARγ gene polymorphism plays an important role
in osteogenesis [9–11]. Depending on this hypothesis that osteoblasts and adipocytes
have a common mesenchymal precursor, recent studies have revealed that the activation
or suppression of PPARγ promoted adipocyte differentiation, affecting the induction of
osteoblast differentiation into osteoclasts or stimulating their apoptosis [12,13].

In this study, we aimed to evaluate osteopenia and osteoporosis in patients with
β-thalassemia using DXA assay and measuring the BMD in these patients and study
the prevalence of the PPAR-γ gene in children with β-thalassemia with regular blood
transfusion. We also aimed to study the association between genetic polymorphisms of
the PPAR-γ gene and its relation to BMD values, serum ferritin, calcium, phosphorus, and
alkaline phosphatase enzyme.

2. Materials and Methods
2.1. The Study Design

This prospective observational study was conducted from June 2019 to February 2020.
All the participants met the inclusion criteria. Participants’ families provided written
informed consent. The Research Ethical Committee of Beni-Suef University authorized
the study protocol in accordance with the Declaration of Helsinki. The estimation of the
minimum required sample size was carried out using G* power 3.1 software.

2.2. Inclusion Criteria

• Patients with β-thalassemia major ranging from 8 to 18 years old.
• Patients who were diagnosed at an early age based on Hemoglobin electrophoresis.
• Patients who were given blood transfusions.
• Children on iron chelation therapy, whether oral or subcutaneous.
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2.3. Exclusion Criteria

The study excluded participants with endocrine disorders (such as thyroid disease),
malabsorption, use of steroids and anticonvulsants, spinal radiological abnormalities (such
as scoliosis), smokers, and HIV-positive individuals.

Patients diagnosed with β-thalassemia major attended the pediatric hematology out-
patient clinic for follow-up at the Beni-Suef University Hospital.

One hundred subjects were included in the study. They were divided into two groups:
Group 1 included patients diagnosed with β-thalassemia major (50 patients); Group 2
included healthy children as the control group (50 children). Group 2 was matched for age
and sex to Group 1.

For all the subjects included in the study, routine hematological and radiological
investigations were detected. Moreover, detection of the Pro12Ala polymorphism in the
PPAR gamma gene (that is present on chromosome 3) was performed for all the subjects by
polymerase chain reaction–restriction fragment length polymorphism PCR/RFLP.

(I) Routine hematological investigations:

Includes measurement of Hb, serum ferritin, serum calcium, serum phosphorus, and
serum alkaline phosphatase enzyme. The samples of the patients were collected before
their regular blood transfusion. All were determined by automated routine procedures.

(II) Radiological investigation:

Bone mineral density (BMD) was measured in all patients and control subjects by
dual-energy X-ray absorptiometry (DEXA lunar DPX) at the lumbar spine (L2–L4) in A-P
projection. BMD measurements were expressed in grams per centimeter squared and
compared to BMD measurements of normal subjects of the same age and gender. If the
Z-score is greater than −1, the BMD is considered normal; osteopenia is considered normal
if the Z-score is between −1 and −2.5, and osteoporosis is considered normal if the Z-score
is less than or equal to −2.5.

(III) Genotyping identification:

Detection of the Pro12Ala polymorphism in the PPAR gamma gene (that is present on
chromosome 3) in the genomic DNA of patients and control subjects was performed by
polymerase chain reaction–restriction fragment length polymorphism PCR/RFLP [14].

-A 295 base pair sequence of the PPARγ gene was amplified by PCR using oligonu-
cleotide primers F: 5′-CTG ATG TCT TGA CTC ATG GG-3′ and R: 5′- GGA AGA CAA
ACT ACA AGA GC-3′10.

Technique of PCR amplification:
Initial denaturation at 95 ◦C and each PCR was subjected to 35 cycles at 94 ◦C for 30 s,

53 ◦C for 30 s, and 72 ◦C for 30 s, followed by 7 min at 72 ◦C (18). Restriction of the PCR
product with the HgaI enzyme generates fragments of 178/117 bp in rare homozygotes,
295/178/117 bp in heterozygotes, and 295 bp in common homozygotes. Samples were
electrophoresed on 3.0% agarose.

(IV) Statistical studies to assess the obtained data:

All data were expressed as median and interquartile range (IQR) and count (per-
cent). Statistical analysis was performed using statistical package for social sciences (SPSS)
computer software (version 22), IBM V22.0 software, Armonk, NY, USA. Non-parametric
tests were used to elucidate the significance between group means. A chi-square test was
used to test association and significant differences in discrete variables. Differences were
considered statistically significant at p < 0.05. The chi-square was used to test significant
associations between different qualitative variables. Differences and associations were
considered statistically significant at <0.05.
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3. Results
3.1. The Demographic Data, Laboratory Data, and the Z-Score of BMD Levels of the Patient and
Control Groups

A total of 100 subjects (56% of them are males) participated in the study. Regarding the
demographic data of the patients and control groups, there were no significant differences
among patient and control groups related to their age and gender, while the patients group
had significantly lower weight, height, and BMI (body mass index) measures as compared
to the control group. Regarding the laboratory data of the patients and control groups, we
found that the patient group had significantly lower levels of hemoglobin and significantly
higher levels of ferritin as compared to the control group. Additionally, no significant
differences were found between patients and control groups related to the measurement of
calcium, phosphorous, and alkaline phosphatase enzyme (ALP levels). The Z-score was
significantly lower in the patient group than in the control group, with a p-value = 0.01. The
BMD levels were significantly lower (osteopenia) in 36% of the patient group in comparison
with the control group. There was no significant difference between the male and female
patients. All these findings are shown in Table 1.

Table 1. The demographic data, laboratory data, and BMD measures of the patients and con-
trol groups.

Patient (Median) Control (Median) p-Value

Age (years) 11 (8–18) 11.5 (8–18) 0.85

Weight (kg) 23.5 (14–54) 35.5 (21–62) 0.01

Height (cm) 127 (106–168) 141 (119–173) 0.01

BMI (Kg/m2) 14.95 (11.6–20) 17.65 (13.4–21) 0.003

Male n (%) 27 (54) 29 (58.0)
0.6

Female n (%) 23 (46) 21 (42)

Hemoglobin (gm/dL) 8 (6–9.2) 1 (10–13) 0.01 *

Ferritin (ng/mL) 1674 (474–7048) 50 (20–90) 0.01 *

Calcium (mg/dL) 9 (7–9.8) 9.2 (8.5–9.8) 0.07

Phosphorous (mg/dL) 3.1 (2–3.8) 3 (2.4–4) 0.06

ALP (U/L) 135 (80–400) 130 (80–180) 0.69

Z-score −0.7 (−1.5–1.2) 0.7 (0.6–1.2) 0.01 *

Normal BMD measures 32 (64%) 50 (100%)
0.01 *

Low BMD measures 18 (36%) 0 (0%)
(*) means significance.

3.2. Frequency of PPAR-γ Gene Polymorphism of Patient Group and Control Group and
Comparison between Them Regarding PPAR Allele Frequencies

There was no significant difference between the patients and control group regarding
the different isotypes of the PPARγ genotype. There was no significant difference between
the patients and controls regarding different alleles of the genotypes. These findings are
shown in Table 2.

Table 2. Frequency of PPAR-γ gene polymorphism of patients group and control group.

Genotype Patients Controls OR (95% CI) p-Value

C/C 45 (90%) 44 (88%) 1.00

0.95C/G 5 (10%) 6 (12%) 1.06 (0.21–5.35)

G/G 0 (0%) 0 (0%) 0
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3.3. Comparison between Males and Females Regarding PPARγ Gene Polymorphism

There was no significant difference between males and females of the patient group
and control group regarding PPARγ gene polymorphisms, as shown in Table 3.

Table 3. Comparison between the two sex groups of patient and control group regarding PPARγ
gene polymorphism.

PPAR Genotypes p-Value

Sex C/C C/G

Male (No) 51 6
0.88

Female (No) 38 5

3.4. Comparison between PPARγ Homozygous and PPARγ Heterozygous Gene Groups Regarding
the BMD Levels and the Laboratory Data in Patient Group

There was no significant difference between patients of β-thalassemia with osteopenia
(with low BMD levels) and patients with no osteopenia (with normal BMD levels) regarding
PPARγ (C/C and C/G), as shown in Table 4.

Table 4. Comparison between PPARγ homozygous and PPARγ heterozygous gene groups regarding
the BMD levels in patient group.

PPAR-γ Polymorphism Low BMD
Median (IOR)

Normal BMD
Median (IOR) p-Value

Homozygous
(C/C)

Valid
16 (35.6) 29 (64.4)

0.90
Heterozygous

(C/G) 2 (40) 3 (60)

There was no significant difference in patients of β-thalassemia with PPARγ (C/C and
C/G) gene polymorphisms regarding the laboratory data and Z-score, as shown in Table 5.

Table 5. Comparison between PPAR homozygous and PPAR heterozygous groups regarding the
laboratory data and Z-score of BMD levels in patient group.

Homozygous (CC)
(n = 45)

Heterozygous (CG)
(n = 5) p-Value

Z-score 0.7 (−1.50–1.20) 0.7 (−1.50–90) 0.70

Hb (gm/dL) 8 (6.90–9.20) 8 (7.00–8.20) 0.91

Ferritin (ng/mL) 1635 (474–7048) 2220 (684–2420) 0.35

Calcium (mg/dL) 9 (7.00–9.80) 9 (8–9.2) 0.63

Phosphorous (mg/dL) 3.2 (2–3.8) 3 (2.9–3) 0.05

ALP (U/L) 135 (80–385) 130 (100–400) 0.85

4. Discussion

β-thalassemia is a genetic disorder inherited from one or both parents [1]. However,
the life span of patients with thalassemia has improved in both duration and quality in
the recent decade in developed countries. However, complications are still present and
common [2,3]. Although conventional therapy has allowed children to grow normally
during the first decade of life, growth retardation is still observed clearly in a significant
ratio during adolescence [15]. In previous studies of the Iranian population with an age
range of 20–45 years, 54.2% of thalassemic patients’ weights and 65.7% of patients’ heights
dropped below the fifth percentile [16]. Additionally, 48% of Chinese β-thalassemic patients
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with an age range of 9 months–17 years and short stature with heights below the third
percentile and weights below the third percentile in 43.7% of cases [17]. Additionally, it
was found that in Iraq, 79% of multi-transfused β-thalassemic patients aged 10–20 years
old had short stature [18].

As shown in Table 1, according to our study, the weight, height, and BMI values of the
patients of β-thalassemia were significantly lower in comparison with the corresponding
values of subjects of the control group. Moreover, no statistical difference was found
between patients of our study regarding the gender type, male or female, and that could be
explained by the fact that β-thalassemia is an autosomal disease depending on mutations
in chromosome 11, not depending on the sex chromosomes.

The lower measurements of weight, height, and BMI of the patients of the study may
be explained by the chronicity of β-thalassemia and the many complications affecting
the growth of the patients, including decreasing parathyroid hormone, thyroid hormones,
growth hormone, sex hormone secretion and other unknown causes related to iron overload.
Therefore, it was necessary to implement an aggressive iron chelating regimen to regularly
monitor height to identify early signs of short stature in patients, screen β-thalassemic
patients for hormonal deficiency, and treat hormone deficiency swiftly and effectively as
needed [18].

In the context of hematological diseases, secondary iron overload is a frequent compli-
cation because iron builds up due to a variety of mechanisms, including chronic transfusion,
increased gastrointestinal absorption, chronic hemolysis, and underlying genetic defects
that cause increased gastrointestinal iron absorption. Since the body lacks a system to
eliminate excess iron, it accumulates in the liver, endocrine system, and heart, with the
latter two being less frequently impacted than in primary iron overload disorders like
hemochromatosis [19].

Regarding the laboratory data of our study, the serum hemoglobin was significantly
lower (p = 0.01), and the serum ferritin was significantly higher (p = 0.01) in the patient
group when compared to the control group, which may be explained by the chronicity of
β-thalassemia as hemolytic anemic disease and needing to the repeated blood transfusion
since early childhood.

These patients are typically monitored with serum ferritin, an affordable and widely
accessible method to monitor iron overload, in order to avoid the complications linked to
iron overload [19].

A well-known clinical condition linked to thalassemia major called hypoparathy-
roidism appears to be related to hypocalcemia and hyperphosphatemia. The parathyroid
gland accumulates iron from repeated blood transfusions, which interferes with its ability
to function normally [20]. In patients with β-thalassemia, altered levels of serum calcium,
phosphorus, and alkaline phosphatase enzyme are typical signs of bone impairment. Cal-
cium is crucial for the mineralization of the skeleton. By raising the local concentration of
inorganic phosphorus, alkaline phosphatase, which is in charge of phosphorus, encourages
bone mineralization [21]. Therefore, we focused on studying the relationship between the
measurement of BMD in the patients and the levels of serum calcium, phosphorus, and ALP
enzyme to test the possibility of using them as monitoring markers of bone mineralization.

In our study, there were no significant differences between the patient group and con-
trol group regarding measurements of the serum calcium, phosphorus, and ALP enzyme.
This may be explained by the increasing awareness of the importance of vitamin D and
the need for calcium and vitamin D supplementation in β-thalassemic patients, especially
children and adolescent patients.

In contrast to our findings, in a previous study [22] on 55 Egyptian β-thalassemia
children aged (5–17 years), the patients of the study had significantly higher serum phos-
phorus and ALP levels, and serum calcium was significantly lower than the control group.
The results in these studies are in agreement with Karim et al. [23], who showed that
β-thalassemia patients had shown significantly low serum calcium levels in comparison
with the controls. Also, Hagag et al. [24] found that serum calcium levels are significantly
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lower in the patients group, and serum phosphorus and ALP levels are significantly higher.
The same results by Saboor et al. [25] found that serum calcium level was low as compared
with controls. All patients had a higher ALP level than the controls. Levels of inorganic
phosphorus were also higher in patients than in controls. They explained their results by the
presence of iron overload and hemosiderosis resulting in endocrinopathies, especially the
parathyroid gland. Chelation therapy in addition to cirrhotic changes due to hemosiderosis
may also play a significant role in hypocalcemia. Sultan et al. [26] found that hypocalcemia
and hyperphosphatemia were seen in 66.6% and 19.4%, respectively, while 25 OH vitamin
D deficiency was present in 72.2% of thalassemic patients.

In agreement with our results, Izzah et al. [27] found that vitamin D and phospho-
rus levels of patients do not differ significantly from healthy controls; however, they
found that the mean calcium level was significantly lower in thalassemic patients. Also,
Salama et al. [28] found that serum phosphorus level was significantly higher in their tha-
lassemic patients than in the controls, but no alteration in calcium level in β-thalassemia
major patients as compared with controls.

Chelators for iron are administered to avoid excessive iron overload. In the study, it
was discovered that low serum calcium and high serum phosphorus levels may indicate
parathyroid dysfunction. They also deduced from the study that parathyroid dysfunction
worsens with age. As a result, it is recommended to evaluate serum calcium, phosphorus,
and alkaline phosphatase enzyme levels, as well as administer regular calcium and vitamin
D supplements [29].

Moreover, measurements of serum calcium, phosphorus, and ALP enzyme indicate
the state of bone mineralization; therefore, further studies involving a larger number of
β-thalassemia patients with older age are required to determine the reliability of these
markers in screening or monitoring of osteopenia in β-thalassemia patients.

Moreover, further studies on the association between serum vitamin D and BMD and
PPAR gene polymorphism are required.

Osteopenia or osteoporosis has been identified as a major cause of morbidity in
patients with β-thalassemia major over the past ten years and has been reported in approx-
imately 40–50% of well-treated patients [30,31]. The expansion of bone marrow cavities
and the reduction in trabecular bone volume in β-thalassemic patients’ bones are caused
by increased marrow erythropoiesis and extensive iron deposition, which also results in
decreased bone tissue and osteoporosis [32,33]. Chelation is a significant risk factor for
osteoporosis in these patients as high-dose desferrioxamine therapy decreases collagen
production, increases osteoblast programmed cell death, and decreases differentiation and
proliferation of bone-forming cells. Additionally, chelation causes a deficiency in vitamins
and minerals like zinc and vitamin D, which worsens the condition of the bones [34,35].

In our study, we reported that the Z score of BMD measurements was significantly
lower in patients with β-thalassemia compared to members of the control group; eighteen
(eleven males and seven females) of fifty patients (representing 36% of the patient group)
have osteopenia with low bone mineral density where Z-score is −1 or less than −1.
Also, we reported no statistically significant difference between BMD values in males
and females of the patients. In a previous study on Iranian β-thalassemic patients, all
patients were classified as having normal BMD levels with Z-score > −1 and osteopenic
with Z-score < −1. Of the 156 subjects (mean age was 23.3 ± 8.2 years), 33 were normal,
and 123 (78%) had osteopenia [36]. In a later study on 30 Egyptian β-thalassemic patients
(with a mean age of 21.53 ± 5.44), all patients (100%) had osteopenia and low BMD values,
and there was no statistically significant difference between BMD values in male and female
patients [37]. In our study, a low number of osteopenic patients was found, and that may
be explained by the younger age of patients in our study (the median age of 11 years) in
comparison with the other studies with higher ages. Additionally, it was also interpreted by
the increasing awareness of the importance of supplementation of vitamin D and calcium
to the patients of β-thalassemia in the last decade.
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It has been found that genetic factors affect the BMD levels in patients with β-
thalassemia [38]. Peroxisome proliferator-activated receptor-γ (PPARγ) is a subgroup
of the PPAR family that regulates glucose and lipid metabolism [39]. The PPARγ gene is
located on 3p25 in humans and is composed of nine exons [8,40]. Several single nucleotide
polymorphisms (SNPs) have been detected in the PPARγ gene in humans. One of these
polymorphisms is Pro12Ala (rs1801282), which substitutes proline for alanine at codon 12
in exon B [8].

Recent research has suggested that PPARγ plays an important role in osteogene-
sis [9,41]. The PPARγ activity appears to be important in regulating bone metabolism
through stimulation of osteoblast differentiation into osteoclasts [9,34].

As shown in the result of our study, there was no statistically significant difference in
the frequency of PPAR-γ 12Ala polymorphism between patients and controls. In agreement
with us, in the study by [42] that included 30 Egyptian thalassemic patients and 10 normal
subjects as controls, there was no statistically significant difference between patients and
controls regarding PPAR-γ 12Ala gene polymorphism.

Regarding allele frequencies, we reported that the G allele was observed in 5% of
thalassemia groups and 6% of controls, with no significant difference in allele frequency
between males and females. Similar results were reported by a previous study [42], which
showed a G allele frequency of 6.67% among Egyptian thalassemia patients, while it was
∼10 and 11% in South Asians and Caucasians, respectively. The frequency of the PPARγ
Pro12Ala CC genotype in normal subjects was significantly higher (p = 0.024) than in
patients with osteopenia [16].

The lower frequency of 12Ala in Egyptian β-thalassemic patients compared to other
populations can be interpreted by genomic manipulation, and the environment–gene
interaction such as dietary conditions, lifestyle, and drug interaction can activate PPAR-γ
and affect its metabolic response [17].

Our study showed no significant difference between PPARγ Pro12 Ala gene poly-
morphism groups regarding Z-score values or laboratory data, including levels of ferritin,
calcium, phosphorus, and ALP enzyme when using the logistic regression tests. The
same results were obtained by a previous study [42]. Conversely, in a previous study,
patients with the Pro 12Ala genotype (CC) had a higher risk of osteopenia (low Z-score
values) [16]. However, the latter study was performed on Iranian β-thalassemic patients,
and the difference between that study and our study may be explained by the different
genetic interactions and environments between Egyptian patients and Iranian patients.

5. Conclusions

Osteopenia or low BMD level (Z score is −1 or lower) is common in patients with
β-thalassemia in comparison with the control group. Eighteen of fifty patients had low
BMD measurements, representing 36% of the patient group.

Hemoglobin level was lower, while ferritin level was higher in the patients group
in comparison with the control group. No significant difference was found between the
patient and control group regarding the levels of calcium, phosphorus, and ALP enzyme.
There were no association between low BMD levels and the laboratory data, including
serum calcium, phosphorus, and ALP enzyme level in the β-thalassemic patients group.
However, further studies are needed on a larger population of patients with β-thalassemia
are needed to confirm the previous findings, especially with the possibility of depending
on these markers in screening or diagnosis or screening of osteopenia in patients with
β-thalassemia.

This study suggests that the Pro12 Ala gene polymorphism of the PPARγ gene was
unrelated to low BMD levels and osteopenia in Egyptian children of β-thalassemia. How-
ever, larger-scale trials involving more patients are still needed for better assessment to
evaluate or exclude the possibility of using the PPARγ gene polymorphism as a marker for
osteopenia in patients with β-thalassemia. Further studies are still required to focus on the
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relationship between the laboratory markers, including serum calcium, phosphorus, and
ALP enzyme level, and the gene polymorphisms of osteopenia in β-thalassemic patients.
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