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Abstract One of the most common complications in thalas-
semia major patients is osteopenia and osteoporosis. In this
study, we compare the therapeutic effect of two treatment
protocols involving infusion of 45 mg of pamidronate injec-
tion every 6 weeks (P45) and 90 mg pamidronate infusion
every 4 weeks (P90). Bone mineral density was measured
using dual energy X-ray absorptiometry (DEXA). Z-score of
lumbar vertebra (as L total) and the femoral head (as F total)
were compared before and after administration of two proto-
cols. Bone density between the two groups was compared by
Student t test and by the paired t test before and after the
intervention. Data were analyzed using SPSS (18). Ninety-
one patients were treated with pamidronate 45 mg (P45),
and 36 patients were treated with pamidronate 90 mg (P90).
Ninety-one and 36 patients received P45 and P90 protocol,
respectively. Mean age was 29.4±8.1 and 30.9±8.0 years old
in P45 and P90 groups, respectively. Sixty-two and 58 % of
P45 and P90 group were female. The means of F total were
−1.73±1.11 and −1.47±0.92 before and after treatment in
patients P45 (P=0.01) and were −1.83±0.75 and −1.57±
0.99 in group P90 (P=0.005), respectively. Before treatment,
the means of L total were −2.95±0.81 and −2.92±0.66 (P=
0.8) and after treatment were −2.53±1.13 and 2.81±0.98 (P=
0.1) in P45 and P90 groups, respectively. In P45, between the
mean of L total was statistically significant difference before
and after treatment (P<0.0001); however, there was no signif-
icant difference in the P90 group (P=0.3). The study showed

effectiveness of both protocols. As the medication is expen-
sive and should be administrated parenterally, we recommend
P45 protocol which is less expensive with fewer injections.
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Introduction

Thalassemia major is an inherited hemoglobinopathy due to
defect in the ability in synthesis of beta-globin chains [1].
Thalassemia causes a defect in bone metabolism as a chronic
hematological disorder which the balance between osteoblasts
and osteoclasts activities was disturbed [2–4]. Osteoporosis is
considered as a major cause of morbidity in both sexes in
thalassemia cases [5, 6]. Osteoporosis and osteopenia are
complications of beta thalassemia major. The prevalence of
osteoporosis and osteopenia has been reported in 40–50 % of
patients with thalassemia. The rate is higher among patients
who have insufficient transfusions, and almost all patients
who reach adulthood are suffering from this disease [7, 8].
Hypoxia caused by anemia is the main risk factor. However,
other risk factors such as genetic predisposit ion,
hypogonadism, male gender, diabetes mellitus, and inade-
quate physical activity are involved [9–13]. Symptoms of os-
teoporosis include bone pain and in case of severe osteoporo-
sis; pathologic fractures may complicate the situation [5, 14,
15]. Currently, the most sensitive method for diagnosis is
measurement of bone mineral density using dual energy X-
ray absorptiometry (DEXA). Different methods are used for
the treatment of osteoporosis in thalassemia cases including
exercise, daily intake of calcium and vitamin D, sex hormone
replacement, appropriate iron chelation, and the use of
bisphosphonates [16, 17]. There is no consensus about the
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type and duration of treatment [17]. This study aimed to com-
pare the response to the two protocols of intravenous infusion
of pamidronate in patients with thalassemia major who re-
ferred to the Thalassemia Research Center.

Materials and methods

This was conducted by reviewing a database of patients with
beta-thalassemia major between 2008 and 2014. Demograph-
ic and clinical characteristics including gender, age, weight,
height, prescribed medication, and date of changes in the type
of treatment were extracted from medical records. Body mass
index (BMI) was calculated by the standard methods. Bone
mineral density was measured using DEXA. Z-scores of lum-
bar vertebra and femoral head as F total and L total were
recorded. Z≤−2.5 was considered eligible for pamidronate
injections and continued to Z-score ≥−2. Pamidronate, as
90 mg/10 ml ampoules (made in Iran, Abureihan Co.), was
diluted in 500 ml normal saline and then administered for 3 to
4 h intravenously. For one group to avoid wasting medication,
one vial was used at the same time for two patients and this
protocol was named P45. For the second group, the amount of
pamidronate increased to 90 mg every 4 weeks (P90).

SPSS 18 software was used, and descriptive statistics and
paired t test were used for comparing the situation before and
after. Student t test was used to compare between groups.
P<0.05 was statistically considered as significant.

Results

Ninety-one patients were treated with pamidronate 45 mg
(P45), and 36 patients were treated with pamidronate 90 mg
(P90). Demographic characteristics including, age, gender,
body mass index, and duration of follow-up which were sim-
ilar statistically (P<0.05) are shown in Table 1.

The Z-score index at lumbar spine and the femoral head
before and after treatment in the groups is shown in Tables 2
and 3. Severity of osteoporosis was not statistically different

before the intervention (P<0.05). After the treatment period,
bone density index showed significant improvement in the
femoral head in both groups. Bone mineral density in the
lumbar spine showed improvement by P45 protocol; however,
the difference was not statistically significant by P90 protocol
(P<0.05). Mean of changes in bone density of the femoral
neck was 0.29±0.78 (S.E. 0.09) in the P45 group and 0.29±
0.54 (S.E. 0.09) in the P90 group (P=0.9). Also the means in
differences of Z-score in lumbar vertebra in P45 and P90 were
0.40±0.88 (S.E. 0.01) and 0.15±0.89 (S.E. 0.15), respective-
ly, which did not have a statistically significant difference (P=
0.1). Most patients complained of bone pain and fever (flu
like) which were felt to a few hours for several days after drug
administration and was managed with non-steroidal pain
killers.

Discussion

The research showed that pamidronate was effective in the
treatment of osteoporosis in patients with thalassemia major.
Both protocols were equally effective in femoral head region;
however, P90 protocol was not effective in lumbar vertebra.
The duration of administration in P90 was 6 months shorter,
but the difference was not significant statistically. Still one
could argue that the intervention just prevented the osteopo-
rosis from getting worse.

Voskaridou et al., in 2003, used pamidronate with doses of
30 mg per month, for 18 and 60 mg per month, for eight
subjects, for a 12-month period in patients with thalassemia

Table 1 Demographic data of thalassemic patients, who received P45
and P90 for the treatment of osteoporosis, referred to the Thalassemia
Research Center in Sari between the years 2008 and 2014

Parameters Group P45 Group P90 P value

Age 29.4±8.1 30.9±8.0 0.3

Sex (female) 62 (68.1 %) 21 (58.3 %) 0.2

Treatment period duration 31.92±22.5 25.55±17.4 0.1

The initial BMI (kg/m2) 19.6±2.3 20.2±2.3 0.2

The final BMI (kg/m2) 20.09±2.1 20.3±2.2 0.08

Table 2 The Z-score index at the femoral head before and after
treatment through two protocols, separately, in thalassemic patients,
who received pamidronate, referred to the Thalassemia Research Center
in Sari between the years 2008 and 2014

Parameters Group P45 Group P90 P value

The initial F total −1.73±1.11 −1.83±0.75 0.6

The final F total −1.47±0.92 −1.57±0.99 0.6

P value 0.01 0.005 –

Table 3 The Z-score index at the lumbar spine before and after
treatment through two protocols, separately, in thalassemic patients,
who received pamidronate, referred to the Thalassemia Research Center
in Sari between the years 2008 and 2014

Parameters Group P45 Group P90 P value

L total before −2.95±0.81 −2.92±0.66 0.8

L total after −2.53±1.13 −2.81±0.98 0.1

P value ≤0.0001 0.3 –
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major. Their patients were in average 10 years older than ours.
The severity of osteoporosis was similar in both groups and
less than our patients. In both protocol, the Z-score of mineral
density in the lumbar spine showed at least +0.4 improvement
(P<0.001). However, the difference of mineral density in the
femoral head was not statistically significant in both protocols
[3].

Naderi et al., in 2014, treated 20 female patients with thal-
assemia major who had osteoporosis by the infusion of 30 mg
pamidronate monthly for 12 months [18]. The average age of
patients was 23 years, younger than ours. BMI index was
18.1 kg/m2 according to the weight and height of patients.
Their patients were thinner than ours but were similar in terms
of the severity of osteoporosis. Their index was measured in
grams per square centimeter in hip and lumbar spine place, not
comparable with our study. Z-score of lumbar and hip was
−2.98±−0.956 and −1.96±0.727, respectively, and after the
end of treatment had been recorded to be −2.44±0.886 (P=
0.001) and −1.47±0.856 (P=0.003), respectively. The Z-score
changes of +0.51 had been observed in the hip and +0.54 were
statistically significant. The authors did not mention but if one
vial of pamidronate was used for three patients, a good saving
has been achieved. They conclude that their sample size was
small and further studies were recommended [18].

Results of a meta-analysis showed that bisphosphonates,
particularly zoledronic acid, had improved the bone density
of cases with osteoporosis, while clodronic acid had not been
effective [19].

Regarding the mechanism of action of the medication,
Voskaridou et al. have investigated several indexes of bone
metabolism before and after administration of pamidronate in
thalassemic patients and age-matched healthy controls. N-
Telopeptide of collagen (NTX), tartrate-resistant acid phos-
phatase isoform-5b (TRACP-5b), osteocalcin (OC), and
bone-alkaline phosphatase (bALP) were significantly higher
in thalassemic patients. Osteoprotegerin (OPG) was higher in
healthy subjects. The soluble receptor activator of nuclear
factor-kappa B ligand (sRANKLE) in thalassemic patients
was within the normal range. Pamidronate reduced NTX,
TRACP-b, OPG, and OC in thalassemic patients. They con-
cluded that pamidronate inhibits the activity of osteoclasts [3].

Treatment with pamidronate is parenteral and complicated,
expensive, and lengthy. Regarding the price, using only one
vial every month for three patients as Naderi et al. showed is
the least expensive protocol. Comparing P45 with P90 proto-
cols of ours, the P45 would be cheaper if one vial was used for
two patients. P90 protocol is the most expensive plan. Our
previous report showed that the effectiveness of an Iranian
generic product was comparable with a more expensive
imported brand [20].

Regarding the duration of treatment, there is no agreement
for the minimum time to treat such patients yet. Voskarido
et al. and also Naderi et al. continued the treatment for

12 months [3, 21]. However, in this study, patients were treat-
ed and followed for 3 years.

At the end of the study, it was shown that bisphosphonates
are effective in improving of bone density and prevent its
decline. Comparison between two treatment protocols P90
and P45 showed that P45 increased the density of the lumbar
spine and hip bone while P90 only increased the mineral den-
sity of hip bone. Slight improvement was observed in lumbar
spine that was not statistically significant and perhaps had
prevented the increasing of intensity. As a result, P45 protocol
is recommended as a useful treatment because of cost-effec-
tiveness, need to a lower dose, as well as the patients need to
less refer. One of the main limitations of this study was that
lack of the control group. The reason was ethical as there was
evidence for beneficial effect of pamidronate. In this study, the
genetic factors contributing to osteoporosis as well as indica-
tors of osteoclasts activity were not investigated. Also effect
on bone pain and quality of life was not assessed because of
the lack of control group, so the high risk of bias.
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