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Abstract

Background: Osteoporosis is one of the main causes of morbidity in patients with thalassemia major.
Osteoprotegerin (OPG) is secreted by osteoblasts and osteogenic stromal stem cells and protects the skeleton from
excessive bone reabsorption. In this study, the authors aimed to assess the relationship between OPG with
osteoporosis and osteopenia in patients with thalassemia major.

Materials and Methods: In this analytic cross-sectional study, 37 patients aged 8-18 years, with thalassemia
major were enrolled. Biochemical markers including hemoglobin, ferritin, calcium, phosphorus levels, and MRI
T2* heart and liver were assessed. A bone mineral densitometry (BMD) was performed as well. Statistical analysis
was performed by the independent T-test and Chi-Square test using the SPSS 20. The Multiple linear regression
analysis was used to investigate the association between the BMD Z-score and OPG by the effect modification.
Results: The mean age of patients was 14.86£3.72 years. Normal bone density, osteopenia, and osteoporosis were
noted in 2 (5.4%), 21 (56.8%), and 14 (37.08%) patients, respectively. The number of girls (P=0.042), mean age
(P=0.045), and MRI T2* heart (P=0.033) in patients with osteopenia was significantly higher than patients with
osteoporosis. The BMD Z-score was not significantly associated with OPG regarding the total number of
participants, whereas in patients with osteoporosis, this association was significant (P=0.001). In all effect
modified models, BMD remained statistically non-significant except for body mass index modification (P=0.046).
Conclusion: Based on the results, it seems that further complicated studies are needed to be performed on this
issue.
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Introduction of cells are mandatory cell types.

Thalassemia major (TM) is an inherited
disease with a reduced quantity of globin
chains, hemolysis, and increased red blood
cells (1). Osteoporosis in patients with TM
is the main reason for morbidity. The
etiopathogenesis of osteoporosis in these
patients is multifactorial. It includes
endocrinological conditions, iron overload,
bone marrow expansion, and genetic
factors. Considering the pathogenesis of
osteoporosis, osteoprotegerin (OPG) and
receptor activator of nuclear factor kappa B
ligand (RANKL) are essential mediators
().

During life, constant remodeling of bones
occurs. For this remodeling, two main types

Osteoblasts are cells that synthesize new
bone tissue and are the cells used for bone-
building. Osteoclasts absorb the matrix of
bones and break them. There is a tight
balance between these two types of cells.
RANKL/RANK controls the development
of osteoclasts by regulating the physiology
of bone. Besides, OPG prevents osteoclasts'
development (3).

The skeleton can be protected from
excessive bone reabsorption by the
secretion of OPG from osteoblasts and
osteogenic stem cells and its binding to
RANKL to inhibit the relations with
RANK. Therefore, the RANKL/OPG ratio
in bone marrow is thus an important
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determinant of bone mass in normal and
disease states. OPG inhibits bone loss by
acting as a decoy receptor to RANKL and
preventing it from binding to RANK (1).
Despite reports that mentioned a role for the
RANKL/RANK/OPG axis in determining
bone loss in TM (2, 3), in patients with TM
compared to the osteoporosis group,
RANKL is higher and OPG/RANKL is
lower (4). Bone mineral density (BMD) is a
method of choice for assessing bone status
in adults. Assessing BMD in children has
some shortages like the lack of a normal
BMD for childhood and lack of cooperation
during bone density assessment. Z-score is
the current method for assessing BMD in
childhood that is designed based on the
normal childhood population and not yet
fully standardized. However, performing
BMD may be time-consuming, expensive,
and inaccessible in some medical centers.
As finding an alternative method can be
helpful and regarding the probable relation
between OPG and BMD, this study aimed
to assess the relationship between OPG and
osteoporosis and osteopenia in patients with
TM.

Materials and Methods

This study was a cross-sectional study with
This was an analytic cross-sectional study
that was conducted on patients with TM
aged 8-18 years. They had regular visits in
17 Shahrivar children's hospital from Jan
2017 to Jan 2018. Participants had no
chronic bone diseases such as osteomalacia
and osteogenic imperfecta. All patients
with the diagnosis of TM who regularly
transfused at the thalassemia ward were
included. For all patients, OPG and bone
densitometry were performed. BMD of the
lumbar spine (L1-L4) and total hip were
measured on dual X-ray energy
absorptiometry (DXA; Hologic, Inc.,
Bedford, MA, USA)

The BMD Z-scores at the hip and lumbar
spine  were categorized into three
subgroups: Normal subgroup was indicated
with the Z score > -1. Osteopenia was
addressed by the Z score between -1 and -
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2.5 and osteoporosis was indicated by the Z
score < -2.5 (1). Data were gathered by a
checklist including age, sex, body mass
index (BMI), mean hemoglobin and ferritin
levels in the last 6 months, heart and liver
MRI T2* mode, calcium, and phosphor
levels.

Statistical analysis

Data were reported by descriptive statistics
including mean, standard deviation,
number, and percent. The Shapiro-Wilks
test was used to assess the normal
distribution of quantitative data. As the
distribution of all variables was normal, for
comparing the quantitative demographic
and clinical characteristics between the two
groups, the independent T-test was used.
Comparing qualitative variables was
performed by the Chi-Square/Fisher’s exact
tests. Associations between the quantitative
variables were explored using the ordinary
linear regression analysis. The Multiple
linear regression model was used to
investigate the association between the
BMD Z-score and OPG by the effect
modification. The P < 0.05 was noted as
statistical significance in SPSS version 20.
Ethical consideration

Ethical approval was obtained from the
Ethics committee of Guilan University of
Medical Sciences (Code:
IR.GUMS.REC.1398.299, Date: 2019-09-
07) and informed consent letters were
obtained from parents.

Results

In this study, 37 patients with the mean age
of 14.86 £ 3.72 years were enrolled. Most
of them were female (n=21, 56.8%). The
mean BMI (kg/m2) and BMD were
18.25+0.86, and -2.24+1.02, respectively.
Results showed that the mean level of
hemoglobin  (g/dL), ferritin  (ng/mL),
calcium (mg/dL), and phosphorus (mg/dL)
during previous six months were
9.56+0.92, 1525.60+1164.94, 9.4+0.40
and, 4.38+0.97, respectively (Table I).
Results showed that 2 (5.4%) patients had
normal and the remained 35 (94.6%)
patients had abnormal bone density
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including 21 (56.8%) osteopenia and 14
(37.08%) osteoporosis. Due to the small
sample size in the group with normal bone
density, from this point, the comparison
between groups was restricted to patients
with osteopenia and osteoporosis. The
frequency of osteopenia in girls was
significantly higher (P=0.042). The mean
age in patients with osteopenia was
significantly higher than in patients with
osteoporosis (P=0.045). Table I shows that
there was no significant difference between
osteopenia and osteoporotic groups in terms
of BMI, mean serum level of ferritin, OPG,
calcium, and phosphorus levels (p>0.05).
The mean of heart MRI T2* results in
patients with osteopenia was significantly
higher than patients with osteoporosis
(P=0.033) but there was no significant
difference in terms of liver T2* results
(Table ).

Results in Table Il revealed that BMD Z-
score was not significantly associated with

OPG level in all participants. After
stratifying groups based on the BMD, it was
observed that in patients with osteoporosis,
one unit increase in BMD Z-score was
significantly associated with a 4.51 unit
decrease in OPG level (P=0.001). Figure 1
shows a scatter plot for the association
between BMD Z-score and OPG in patients
with osteopenia and osteoporosis.

The multiple linear regression models were
used to assess whether the association
between the BMD Z-score was statistically
significant after accounting for each of the

demographic characteristics and
biochemical bone markers. None of the
demographic characteristics and

biochemical bone markers reached
statistical significance (P>0.05). In all
models, BMD remained statistically non-
significant except for BMI maodification
(P=0.46). Holding BMI, one unit increase
in BMD was associated with a 1.22 unit
decrease in OPG level (Table II).

Table I: Comparison of demographic characteristics and biochemical bone markers among patients

Osteoporosis Osteopenia

with osteopenia and osteoporosis BMD Z-scores in thalassemic children.

Total n(%0) 14 (37.8) 21(56.8)

Sex 5(23.8)/9(64.3) 14(66.7)/7(33.3)
(Girl/Boy)

Age (years) 13.85+4.25 16.09+2.73
BMI (kg/m?)  18.24+0.69 18.27+1.00
OPG 4.18+3.88 4.50+4.81
(pmol/L)

Hemoglobin  9.51+0.69 9.65+1.07
(g/dL)

Ferritin 1784.18+1215.22 1470.32+1132.11
(ng/mL)

Calcium 9.47+0.42 9.39+0.40
(mg/dL)

Phosphorus  4.70+1.20 4.35+0.59
(mg/dL)

Heart MRI 26.03+7.38 30.9246.42
T2" (ms)

liver MRI 9.41+7.55 10.16+6.30
T2" (ms)
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Normal Total P-
value

2 (5.4) 37 (100.0) -
2(9.5)/0(0.0) 21(56.8)/16(43.2) 0.0422
10.3+1.24 14.86+3.72 0.045P
18.16+0.54 18.25+0.86 0.928°
2.03+1.06 4.22+4.32 0.840°
8.96+0.42 9.56+0.92 0.668°
453.12+254.3 1525.60+1164.94 0.441°
9.20+0.38 9.4+0.40 0.572b
3.10+0.41 4.38+0.97 0.263P
23.56+0.01 28.74+7.02 0.033°
23.14+0.01 10.61+7.20 0.969°
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Table 1I: Effect modification of the association between BMD and OPG by demographic

characteristics and biochemical bone markers

BMD OPG

P-value ® - sd B | P-value® sd B
Total 0.106 0.69 -1.15
Osteopenia 0.906 2.95 -0.35
Osteoporosis 0.001 0.88 -4,51
Sex 0.114 0.82 -1.33 0.317 1.54 1.57
Age (years) 0.112 0.78 -1.28 0.154 0.21 0.31
BMI (kg/m?) 0.046 0.69 -1.22 0.939 0.79 0.06
Hemoglobin 0.175 0.79 -1.10 0.513 0.81 -0.53
(g/dL)
Ferritin 0.175 0.79 -1.10 0.693 0.01 0.01
(ng/mL)
Calcium 0.165 0.843 -1.20 0.690 1.98 -0.79
(mg/dL)
Phosphorus 0.137 0.79 -1.20 0.297 0.84 -0.89
(mg/dL)
Heart MRI T2 0.190 0.90 -1.21 0.837 0.12 0.03
(ms)
liver MRI T 0.303 0.87 -0.92 0.419 0.12 -0.10
(ms)
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Figure 1. Scatter plot for the association between BMD Z-score and OPG in patients with osteopenia

and osteoporosis.

Discussion

Osteoporosis is a multifactorial disease that
leads to significant morbidity in TM. Based
on the difficulty of interoperating z-score
results as the common tool for evaluating
BMD in childhood, the authors decided to
assess OPG level as a probable practical
tool. Results showed that the frequency of
osteoporosis and osteopenia was much
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higher than previous studies (2-4). It seems
that the higher frequency of bone
abnormalities compared to previous
investigations may be occurred due to the
low mean of BMI in this study. As only two
patients had normal BMD, comparing OPG
levels in the osteoporotic and osteopenic
patients was performed. Results showed
that OPG was not a predictor for both
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osteoporosis and osteopenia in the
existence of BMI. Because based on the
previous results, BMI was attributed to
BMD. However, after adjusting the model
and removing BMI as an effective variable,
results showed a significant relation
between OPG levels and osteoporosis and
osteopenia.

The results of the current study were
consistent with the previous studies by
Dogan et al. (9), Salamat et al. (10), Lloyd
et al. (11) that showed the relation between
BMI and BMD. Although Hoxha et al. (12)
showed consistent results, they mentioned a
positive correlation between weight and
BMI with both femur neck BMD and total
hip BMD in all-male subjects. However,
Greco et al. (13) demonstrated that obese
patients had low lumbar BMD. Besides,
Emaus et al. (14) showed a linear
correlation between BMI and BMD. They
noted that by each unit increase in BMI, an
increase of 0.008 g/cm2 in L1-L4 BMD,
0.017 g/cm2 in the femur neck BMD and
0.018 g/cm2 in the total hip BMD was
observed. In patients with osteopenia, there
was no significant relation between BMD
and OPG. However, this relation was
significant in patients with osteoporosis,
Pietrapertosa et al. noted that with a unit
increase in bone mineral density, the mean
OPG decreased by 4.51 units. Another goal
of this study was to compare the normal and
osteoporotic groups that were not possible
because of the limitation in sample size (2).
The mean age of participants was 14.86 +
3.73 years. However, the mean age of
patients with osteoporosis was significantly
lower than those who had Osteopenia (P =
0.045), that may be due to the early
treatment of thalassemia patients even
without fracture or the increase of BMD
with aging and reaching puberty. Results
showed that the majority of girls had
osteopenia (66.7%) and the remained
35.7% had osteoporosis. However, the
occurrence of osteoporosis in boys was
higher than in osteopenia. This may be
noted as a result of sooner puberty in girls

22

and early attention to their development.
Besides, hormones can affect BMD (5, 6).
Comparing osteopenic and osteoporotic
groups regarding hemoglobin, ferritin,
calcium, and phosphorus levels were not
significantly different. It seems that as it
was expected, this may be due to the exact
pathophysiology of the disease. By
moderating the effect of variables such as
age, sex, cardiac iron load, hepatic iron
load, hemoglobin, calcium, and
phosphorus, the relationship between BMD
and OPG was not significant except for
BMI. For this reason, the authors
recommend further studies to be performed
in specific BMI groups.

Conclusion

Given the scarcity of these findings as a
clue for further investigations, the low
sample size, and the importance of
assessing patients with thalassemia major,
it seems that further complicated studies are
needed to be performed on this issue.
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