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Abstract

Objective: Osteopenia and osteoporosis are important causes of morbidity in patients with hemoglobinopathies. This study investigates the
association between iron accumulation, vitamin D and bone mineral density (BMD) in patients with thalassemia major, thalassemia intermedia
and sickle cell.

Materials and Methods: Serum samples collected from 102 patients with hemoglobinopathy were used; the relationship between ferritin,
vitamin D levels and BMD, which was performed with dual energy X-ray absorptiometry (DEXA), was investigated.

Results: The ratio of thalassemia intermedia, thalassemia major and sickle cell patients with normal BMD according to the DEXA Femoral
T-score was 56.25%, 35% and 39%, respectively. The ratio of thalassemia intermedia, thalassemia major and sickle cell patients with normal
BMD according to the DEXA lumbar T-score was 31.25%, 7.5% and 41.25%, respectively. When the patients’ ferritin values and DEXA scores
were compared, femur T-score, lumbar T-score, femur Z-score and lumbar Z-score were significantly lower in those with high ferritin values (p
values were respectively: 0.0005, 0.0002, <0.0001, 0.0002). When the femur T-score, lumbar T-score, femur Z-score and lumbar Z-score were
compared in patients with normal and low vitamin D levels, a statistically significant change was observed in the severe deficiency patients
(p values were respectively: 0.001, 0.001, 0.0027, 0.0003).

Conclusion: Patients with hemoglobinopathy should be screened through DEXA at an early age. The efforts to provide appropriate vitamin
D replacement and to restore the ferritin levels to the normal range may be effective in reducing the morbidity associated with osteoporosis.
Keywords: Hemoglobinopathies, osteoporosis, iron accumulation, vitamin D

Amagc: Osteopeni ve osteoporoz hemoglobinopatili hastalarda 6nemli bir morbidite nedenidir. Bu calismanin amaci talasemi major, talasemi
intermedya ve orak hiicreli anemi hastalarinda demir birikimi, D vitamini ve kemik mineral yogunlugu (KMY) arasindaki iliskiyi arastirmaktir.
Gereg ve Yontem: Hemoglobinopatili 102 hastadan serum ornekleri toplandi ve ferritin ve D vitamini dizeyleri ile cift enerjili X-sini
absorpsiyometrisiyle (DEXA) 6lgilen KMY arasindaki iliski arastirildi.

Bulgular: DEXA femoral T-skoruna gére normal KMY olan talasemi intermedya, talasemi major ve orak hlcreli anemi hasta orani sirasiyla
%56,25, %35 ve %39 idi. DEXA lomber T-skoruna gore normal KMY olan talasemi intermedya, talasemi major ve orak hicreli anemi hasta
orani sirasiyla %31,25, %7,5 ve %41,25 idi. Hastalarin ferritin degerleri ve DEXA skorlari karsilastirildiginda, femur T-skoru, lomber T-skoru,
femur Z-skoru ve lomber Z-skoru, ferritin degeri ylksek olanlarda istatistiksel olarak anlamli derecede disikti (p degerleri sirasiyla: 0,0005,
0,0002, <0,0001, 0,0002). Femur T-skoru, lomber T-skoru, femur Z-skoru ve lomber Z-skoru normal ve disik D vitamini seviyesine sahip
hastalarda karsilastirildiginda, ciddi eksikligi olan hastalarda istatistiksel olarak anlamli bir degisiklik gdzlendi (p degerleri sirasiyla: 0,001, 0,001,
0,0027, 0,0003).

Sonug: Hemoglobinopatili hastalar DEXA ile erken yasta taranmalidi. Uygun D vitamini replasmaninin saglanmasi ve ferritin seviyelerinin
normal arali§a getiriimesi ¢abalari osteoporoz ile iliskili morbiditeyi azaltmada etkili olabilir.

Anahtar kelimeler: Hemoglobinopatiler, osteoporoz, demir birikimi, vitamin D
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Introduction

Osteopenia and osteoporosis is an important cause of morbidity
in patients with hemoglobinopathy across all genders and
ages. Many genetic and acquired factors are inculpated for
the pathogenesis of osteoporosis in these patients. Some of
the acquired factors for osteoporosis in these patients include
thinning of cortical and trabecular bone due to bone marrow
expansion caused by increased ineffective erythropoiesis, calcium
and phosphorus metabolism disorders, hypogonadotropic
hypogonadism, growth hormone and IGF-1 deficiency, delayed
puberty, increased osteoclast activity and decreased osteoblast
activity, toxic effect of desferrioxamine chelation treatment
and physical inactivity (1-4). In recent years, developments in
transfusion management and chelation treatment improved the
skeletal development and cosmetic bone appearance. However,
these patients are still reported to have low bone density
despite the optimal conventional treatment and reduction of
endocrinal complications (5). Vitamin D is a basic hormone for
the control of normal calcium and phosphate homeostasis, and
also an important factor required for bone development and
the continuity of bone mass (6). Elevated serum ferritin level
points to iron storage in the organs including bones especially in
patients with transfusion-dependent thalassemia major. Excessive
iron deposition in bones impairs the number and activation of
osteoid and bone mineralization, leading to osteoporosis (7). In
our region, thalassemia major, intermedia and sickle cell disease
are quite common and for these patient groups, osteoporosis
causes frequent morbidity in early ages. In this study we wanted
to investigate the association between the iron accumulation,
vitamin D and bone mineral density (BMD) in thalassemia major,
intermedia and sickle cell patients.

Materials and Methods

In this cross-sectional observational study, the approval of the
Cukurova University Faculty of Medicine of Local Ethics Committee
(decision no: 2014/27) was obtained and 102 patients with
thalassemia major, intermedia and sickle cell who admitted to
Cukurova University Hematology Outpatient Clinic from 2013 to
2015 were analyzed. Written consent form was obtained from
all patients before enrollment in the study. The patients were
divided into three groups: patients with thalassemia intermedia,
thalassemia major and sickle cell. Patients who received regular
transfusion and chelation therapy were included in the study.
The patients who did not receive osteoporosis treatment before,
did not use any medication that could affect the calcium and
vitamin D metabolism (anticonvulsants, gonadotropin releasing
hormone analogues, cyclosporine, estrogen preparations,
calcium and vitamin D-containing medications), did not have
any known renal or hepatic disease, did not have any known
metabolic bone disease, did not have any health problem except
hemoglobinopathy that might lead to secondary osteoporosis
(hyperthyroidism, use of steroid etc) were included in the
study. Therefore, 50 patients were excluded from the study

for these reasons. Fasting blood test was performed for the
eligible patients included in the study and their dual energy X-ray
absorptiometry (DEXA) measurements were performed. Ferritin
and vitamin D levels were examined in the blood sample. Serum
vitamin D levels were measured using a Chromosystem test kit
(Chromosystem, Munich, Germany) using high performance
liquid chromatography method. Ferritin was measured by
electro chemiluminescence method, by using BIO Diagnostic
Products Corporation (DPC), Los Angeles, USA test kit and
by ImmuliteONE instrument. The DEXA method was used for
the diagnosis of osteoporosis. The BMD of the patients was
measured on anterio-posterior and lateral lumbar vertebrae (L1-
L4) and left femur neck. Fractured sites or prosthetic sites were
not measured. The measurements were performed with DEXA
(Norland, XR 46, USA) at radiology department. Measurements
were completed in as short as 7-20 minutes, depending on
the region where the shots were taken, and BMD results were
expressed in g/cm?, as T- and Z-score. T- and Z-scores were used
in evaluating DEXA results. T-score is the standard deviation (SD)
of BMD according to a person’s young age group. The Z-score
is the SD of BMD according to the individual’s age group, used
in the diagnosis of secondary osteoporosis. We evaluated both
T- and Z-scores for our patient groups. The results of the BMD
were divided into 3 groups as osteoporosis, osteopenia and
normal according to T-score in line with the criteria proposed by
the World Health Organization. Patients with a vertebral and/
or femoral T-score of <2.5 were assigned to the osteoporosis
group, those with a T-score of -2.5< to =-1.0 were assigned to
the osteopenia group, and those with a T-score of >-1.0 were
assigned to the normal group. The patients’ Z-scores were also
evaluated. Those patients with a Z-score of -2 SD and below
were considered to have a lower bone mass than expected
based on their chronological age, while those with a Z-score
above -2 SD considered to have a normal bone mass according
to their chronological age.

Biochemical Analysis

The normal range was considered as 23.9-336.2 ng/mL for
ferritin. The normal range of vitamin D was taken as 30-120 ng/
mL. 20-29.9 ng/mL was considered as mild vitamin D deficiency,
10-19.9 ng/mL was considered as medium vitamin D deficiency,
and a value lower than 10 ng/mL was considered as severe
vitamin D deficiency.

Statistical Analysis

The statistical analysis of the data was performed using
Microsoft Windows compatible SPSS 21.0 package software.
The descriptive statistics were expressed as numbers and
percentage (%) for categorical variables, and as means and SD
(and as median and minimum-maximum when required) for
continuous variables. For the comparison of continuous variables
between the groups, the distribution was analyzed. One-Way
ANOVA test was performed for the parameters with a normal
distribution depending on the number of variables One-Way. For
the comparison of the categorical variables, chi-square test was
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used. The effects of ferritin and vitamin D levels on BMD were
compared using cox multi regression analysis. P value of 0.05
was considered to be statistically significant in all tests.

Results

Sixteen patients had thalassemia intermedia (15.7%), 40 had
thalassemia major (39.2%), 46 had sickle cell disease (45.1%).
Demographic and laboratory data of patients are presented in
Table 1. Patients with thalassemia intermedia were diagnosed
at a mean age of 8 years and the mean follow-up was 19 years;
patients with thalassemia major were diagnosed at a mean age
of 1 year and the mean follow-up was 24 years; patients with
sickle cell disease were diagnosed at a mean age of 6 years and
the mean follow-up was 22 years. In patients with thalassemia
intermedia and major, lomber T- and Z-scores were significantly
lower than femur T- and Z-scores (p=0.028, p=0.015, p=0.035,
p=0.03 respectively). There was no statistically difference
between lumbar and femur regions in sickle cell patients
(p=0.87, p=0.9). The classification of the patients according to
their ferritin levels is indicated in Table 2. The classification of
the patients according to their vitamin D levels is shown in Table
3. The mean vitamin D levels, in the group of very high ferritin
levels (>=1.000 ng/mL) and in the group of whose ferritin
levels <1.000 ng/mL, were 13.7 and 14.8, respectively and this
was not statistically significant (p=0.08). The ratio of patients
with thalassemia intermedia, thalassemia major and sickle cell
with normal BMD according to DEXA femoral T-score was
56.25%, 35% and 39%, respectively. The ratio of patients with
thalassemia intermedia, thalassemia major and sickle cell with
normal BMD according to DEXA lumbar T-score was 31.25%,

Table 1. Demographic and laboratory data of patients

7.5% and 41.25%, respectively. Table 4 presents the comparison
between the vitamin D levels and BMD of all patients. When
the femur- T-score, lomber T-score, femur Z-score and lomber

Z-score were compared in patients with normal and low

Table 2. Classification of the patients based on their
ferritin levels

Ferritin

Low Normal High
Thalassemia
intermedia 1(6.2%) | 2(12.5%) | 13(81.2%)
(n=16)
Thalassemia major o o o
(n=40) 0 (0%) 2 (5%) 38 (95%)
Sickle cell patients o o o
(n=46) 1(2.2%) | 18 (39.1%) | 27 (58.7%)
Low: =23.9 ng/mL, Normal: 23.9-336.2 ng/mL High: 2336.2 ng/mL

Table 3. Classification of the patients based on their

vitamin D levels

Vitamin D

Mild Medium Severe Normal

deficiency | deficiency | deficiency
Thalassemia
intermedia | 4 (25%) | 4 (25%) 4 (25%) 4 (25%)
(n=16)
Thalassemia
major 5(12.5%) | 19 (47.5%) | 12 (30%) | 4 (10%)
(n=40)
Sickle cell
patie nts 3(6.5%) |20 (43.5%) | 16 (34.8%) | 7 (15.2%)
(n=46)
Mild deficiency: 20-29.9 ng/mL, Medium deficiency: 10-19.9 ng/mL, Severe
deficiency: <10 ng/mL, Normal: 30-120 ng/mL

Thalassemia |Thalassemia Sickle cell
Parameter intermedia | major patients
mean = SD mean £ SD mean £ SD
(n=16) (n=40) (n=46)
Mean age |29+11 25+7 3110
Gender
Female 9 18 23
Male 7 22 23
e 782.08+880.39 | 1386.75+1264.94 | 921.05+£996.62
Ferritin
ng/mL ng/mL ng/mL
. . 17.87+10.09 | 15.70+11.19 15.84+10.98
Vitamin D
ng/mL ng/mL ng/mL
Femoral
T-score -0.97+1.33 -1.41+1.05 -0.88+1.98
Lumbar -1.89+1.61 -2.36+1.07 -0.80+2.31
T-score p=0.028 p=0.035 p=0.87
Femoral
Z-score -0.5+1.43 -1.39+1.05 -0.73+2.02
Lumbar -1.42+1.57 -2.31£1.08 -0.58+2.29
Z-score p=0.015 p=0.03 p=0.9
SD: Standard deviation

Table 4. Comparison between vitamin D levels and bone

mineral densitometry of all patients

DEXA DEXA DEXA DEXA
femoral lumbar |femoral |lumbar
Vitamin D | T-score T-score | Z-score Z-score
mean = mean = mean = mean =
SD SD SD SD
Severe
deficiency |-1.82£0.88 |-2.5+0.94 |-1.66+1.0 -2.23+£1.02
(n=32) p=0.001  |p=0.001 |p=0.0027 |p=0.0003
Medium
deficiency |-0.84£1.88 |-1.26%2.21|-0.73£1.92 |-1.14+2.3
(n=43) p=0.66 p=0.42 p=0.62 p=0.37
Mild
deficiency |-0.76£1.39 |-1.35+2.14 |-0.52+1.5 -1.05+£1.98
(n=12) p=0.78 p=0.44 p=0.92 p=0.53
Normal
(n=15) -0.6+1.58 -0.74+1.92 |-0.46£1.57 |-0.58+1.86
Mild deficiency: 20-29.9 ng/mL, Medium deficiency: 10-19.9 ng/mL, Severe
deficiency: <10 ng/mL Normal: 30-120 ng/mL
SD: Standard deviation, DEXA: Dual energy X-ray absorptiometry
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vitamin D levels, a statistically significant change was observed
in severe deficiency patients (p=0.001, 0.001, 0.0027, 0.0003
respectively) and this was shown in Figure 1. BMD of patients
with severe vitamin D deficiency was very low. There was no
statistically significant change in BMD when moderate and mild
vitamin D deficiency was compared with normal vitamin D levels.
Table 5 shows the comparison between the ferritin levels and
BMD. When the patients’ ferritin values and DEXA scores were
compared with high ferritin values and low and normal ferritin
values, femur T-score, lomber T-score, femur Z-score, and lomber
Z-score were significantly lower in those with high ferritin values
(p=0.0005, 0.0002, <0.0001, 0.0002 respectively). In patients
with a high level of ferritin, vitamin D levels decrease but this is
not statistically significant (p=0.436).

Discussion

Previous studies reported that decreasing vertebral and femoral
BMD are a major health problem in patients with thalassemia
and sickle cell and more than 2/3 of these patients are affected
(8,9). Nakamura et al. (10), Vupputuri et al. (11), Piringcioglu
et al. (12) and Frisk et al. (13) reported that the prevalence of
osteoporosis was 40-62% in well-managed thalassemia major;
our study is consistent with these studies and we found that
more than 65% of the patients with thalassemia major who
underwent regular transfusion and chelation treatment had
osteopenia and osteoporosis. In addition, more than half of
the patients with thalassemia intermedia were affected by
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Figure 1. Association between vitamin D deficiency and bone
mineral densitometry

osteopenia and osteoporosis. Osteopenia and osteoporosis
defined by BMD are reported to be common in patients with
sickle cell (53%-86%) (14). In our study, approximately 60% of
the patients with sickle cell had osteopenia and osteoporosis.

In studies about the patients with thalassemia major, no
significant association was found between vitamin D levels
and BMD and there is insufficient data on this issue in patients
with sickle cell (15,16). In this study, we found that vitamin D
deficiency was quite common in our 3 patient groups and severe
vitamin D deficiency and high ferritin levels were significantly
associated with low BMD. But mild and moderate vitamin
D deficiency was not significantly associated with low BMD.
We think that vitamin D plays a key role in bone metabolism
disorders in patients with hemoglobinopathy and this should be
clarified with further studies.

The lumbar vertebrae BMD values of the patients with
thalassemia were significantly lower than the femoral BMD
values, which was consistent with the literature. It was argued
that this was caused by bone marrow expansion due to the
ineffective erythropoiesis resulting in thinning of trabecular
bones such as lumbar vertebra more than the cortical bone
(17). However, there was no statistically significant difference
between femur and lumbar vertebrae BMD in patients with
sickle cell anemia. In our study, 95% of the patients had a high
ferritin level, while there was a significant association between
the ferritin levels and femoral and lumbar BMD values. Ferritin
levels, and the BMD were negatively correlated. There are
studies in the literature reporting that there is no correlation
between the serum ferritin level and BMD (18-20) while contrary
to these findings, there are other studies reporting a negative
relationship between the serum ferritin level and BMD (21-23).
Napoli et al. (24) found that there was a negative correlation
between vitamin D level, age and serum ferritin level. They
made a comparison between the patients with thalassemia with
low vitamin D levels and those with normal vitamin D levels
and showed that patients with low vitamin D levels had higher
serum ferritin and parathormon levels. Bisbocci et al. (25) found
a significant reduction in the vitamin D level in parallel to the
elevated ferritin. In our study, we found a negative correlation
between high ferritin level and vitamin D but it was not statistically
significant. In patients with sickle cell, bone loss is attributed
partly to bone marrow hyperplasia and inflammation secondary
to chronic anemia or bone marrow ischemia. However, recent

Table 5. Comparison between ferritin levels and bone mineral densitometry of all patients

Femoral Lumbar Femoral Lumbar
T-score T-score Z-score Z-score
Ferritin mean*SD | p mean = SD P mean = SD P mean*SD | p
Normal
and low
(n=24) -0.16+2.13 0.0005 |-0.32+2.77 0.0002 -0.04+2.19 <0.0001 |-0.14+2.78 0.0002
High
(n=78) -1.41+1.24 - -1.99+1.44 - -1.26+1.31 - -1.79+1.46 -
SD: Standard deviation
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studies argue that children and adults usually have undetected
severe vitamin D deficiency (26,27). Therefore, our study will
shed a guiding light in this field. Our findings show that vitamin
D deficiency is very common in this group and affect 84.8% of
the patients with sickle cell. Moreover, four studies found very
low vitamin D levels in adults with sickle cell disease and only one
of these studies was a controlled study and demonstrated that
the serum concentrations of vitamin D was significantly lower in
adult patients with sickle cell disease than in the control group
(12.6+8.7 vs 36+3.4 ng/mL) in Saudi Arabia (28). Deep vitamin
D deficiency was also demonstrated in children with sickle cell
disease. In a controlled study, Afro-American children with sickle
cell disease in the USA had higher rates of vitamin D deficiency
than the healthy Afro-American children living in the same
geographical region. Malnutrition associated with low socio-
economic status could not explain the prevalence of vitamin D
deficiency in these children. They demonstrated the evidence
that vitamin D deficiency could be a unique complication of
sickle cell disease (29). Serum concentrations of vitamin D reflect
the total vitamin D reservoir depending on exposure to sunlight
(nearly 90% of vitamin D), diet and conversion to vitamin D
from the fat storages in the liver (30). Very low concentrations
of vitamin D that is common in patients with sickle cell may be
associated with a few mechanisms: low synthesis on the skin
(given that vitamin D was found to be low in patients with sickle
cell disease compared to the healthy controls with the same
skin phenotype in some studies, this is not associated only with
dark skin pigmentation), decreased absorption in the intestines
and impaired fat tissue metabolism. Accumulation of bilirubin
on the skin due to chronic hemolysis may possibly decrease the
synthesis of vitamin D from the ultraviolet B rays of the sun.
Vitamin D deficiency in patients with sickle cell may also be
associated with the malabsorption of this fat-soluble vitamin as
also demonstrated in chronic cholestasis patients (31). In fact,
black-pigmented biliary calculi caused by increased bilirubin
expression and leading to low-grade biliary canal obstruction are
common in these patients despite cholecystectomy (32).

Recent studies have shown that vitamin D deficiency is present
in the majority of the patients with thalassemia and many
factors have been suggested to explain the low serum vitamin
D levels in this patient group. Potential reasons are; intestinal
malabsorption of vitamin D, impaired synthesis of vitamin D by
the skin because of jaundice and impaired 25 hydroxylation
of vitamin D due to decreased enzyme function because of
parenchymal iron deposition in liver (33,34).

In a study, although some patients were on treatment with oral
vitamin D and calcium supplements at the time of measurement,
only 12.4% of thalassemia major patients had normal vitamin D
levels (35).

In our study, the patients who were using vitamin D or calcium
supplements were excluded and only 10% of patients with
thalassemia major and 25% of patients with thalassemia
intermedia had normal vitamin D levels.

Study Limitations

The limitation of our study was the fact that our study was
single-centered and the number of patients was not distributed
homogenously between the groups. The other limitation was
that vitamin D and ferritin levels could not be compared with
BMD in the subgroups due to the limited number of patients.
However, contrary to many studies in the literature, the
significant association of severe vitamin D deficiency with BMD
increases the importance of our study.

Conclusion

Severe deficiency of vitamin D and high ferritin levels may be
associated with a decrease in BMD in patients with thalassemia
major, intermedia and sickle cell. These patients should be
screened through bone densitometry at an early age, and their
bone parameters should be investigated. The efforts to provide
appropriate vitamin D replacement and restore the ferritin levels
to the normal range may be effective in reducing the morbidity
associated with osteoporosis.
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