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ABSTRACT
Introduction: The benefit of annual administration of zoledronic acid in the management of 
thalassemia-associated osteoporosis is unknown. Aim: The aims of this study were to evalu-
ate the efficacy of treatment with two different dosing regimens of IV zoledronic acid (annu-
ally versus every 3 months) for increasing low bone mineral density (BMD) in patients with 
osteoporosis associated with β-thalassemia as annually and 3-monthly on bone density in 
patients. Materials and Methods: This retrospective, single-center study analyzed patients’ 
clinical records and bone density measurements. Those enrolled in the study were 14 to 53 
years of age, had documented β-thalassemia, and were treated with IV zoledronic acid on 
either an annual or every 3 months dosing regimen. Dual-energy X-ray absorptiometry was 
used to obtain the z-score for BMD in the lumbar spine and femoral neck. Results: Thirty-four 
patients were enrolled in the study; 15 (44.1%) had been treated annually, and 19 (55.9%) 
had been treated every month. In patients receiving treatment with the once-yearly dose of 
zoledronic acid, significant increases were observed in the lumbar spine BMD z-score, from 
-2.45 ± 0.69 to -1.97 ± 0.82 (P=0.02). When comparing BMD across the two treatment reg-
imens, the mean lumbar spine BMD was 0.82 greater (95% CI 0.31, 1.33, P=0.003) and the 
mean femoral neck BMD 0.37 greater (95% CI -0.15, 0.87, P=0.1) in the group receiving 
annual zoledronic acid treatment. Conclusions: In patients with thalassemia-associated os-
teopenia, annual treatment with zoledronic acid increases lumbar spine bone density while 
being more effective, less expensive, and associated with fewer adverse events than dosing 
every 3 months.
Keywords: Beta thalassemia, Thalassemia major, Thalassemia intermedia, Osteoporosis, 
Zoledronic acid, Bone Mineral density.

1. INTRODUCTION
β-thalassemia is a hereditary dis-

order caused by defective globin 
production, resulting in abnormal as 
well as decreased quantity of globin 
chains. Low bone mineral density 
(BMD) is one of most frequent and 
important problems in patients with 
thalassemia (1-3). Some factors lead-
ing to low BMD in these patients in-
clude deficiencies in vitamin C, vita-
min D, and zinc along with increased 
osteoclast (and decreased osteoblast) 
activity. Additionally, augmented 
bone turnover leads to lower BMD in 
individuals with this disorder (4, 5). 
Thalassemia-induced osteoporosis is 
responsible for skeletal pain and in 
severe forms for pathologic fractures 
(6). Patients with β-thalassemia may 

also have spinal deformities, scoli-
osis, and nerve compression (7, 8). 
Prevalence of thalassemia-associated 
osteoporosis in patients with β-thal-
assemia is approximately 40–50% (7).

Bisphosphonates such as zole-
dronic acid are the primary class of 
medication used among the differ-
ent medications for thalassemia-as-
sociated osteoporosis, with varying 
success rates (9). Zoledronic acid is 
a potent inhibitor of bone resorp-
tion, and likely improves bone den-
sity through direct inhibition of os-
teoclasts by interfering with protein 
prenylation (10). Zoledronic acid 
has been tested with different dosing 
regimens (4 mg IV every 3 months or 
4 mg IV every 6 months) for osteo-
porosis management in thalassemia 
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patients (11). Zoledronic acid 4 mg IV every 3 months 
is one of the most promising protocols (8-9, 12) but ev-
idence is lacking with respect to other potential doses 
(such as IV zoledronic acid administered annually) for 
the treatment of low BMD associated with thalassemia 
(13-15). Studies have shown that 5-mg IV zoledronic 
acid administered once annually can lead to increased 
BMD and reduced bone resorption and formation in 
women with postmenopausal osteoporosis (16). Regard-
ing the complex etiology of thalassemia-associated os-
teoporosis, all bisphosphonates must be administered 
in higher doses (sum of dose during a year) in patients 
with thalassemia-associated osteoporosis than in wom-
en with post-menopausal osteoporosis to ensure sim-
ilar effectiveness (17). A 3- to 5-year treatment period 
should be considered for management of osteoporosis 
with bisphosphonates (18, 19); longer treatment periods 
or doses >5 mg annually are not advisable considering 
the short-term exposure and the unknown safety (and 
potential side effects) of other potential regimens (11).

At our center, we have observed cases in which BMD 
increased with annual dosing regimens of zoledronic 
acid. However, the benefit of annual administration of 
zoledronic acid in the management of thalassemia-asso-
ciated osteoporosis is unknown. The aim of this study 
was to compare the efficacy of annual dosing versus dos-
ing every 3 months for zoledronic acid on the BMD of 
patients with β-thalassemia.

2. MATERIALS AND METHODS
Patients were enrolled in this retrospective study in 

2016 after review of patients’ medical records at the 
Thalassemia Research Center (TRC), Iran. The study was 
approved, and consent for the use of patient records was 
given by the Research Ethics Committee, Mazandaran 
University of Medical Science (MUMS), Iran. The study 
group consisted of patients with low BMD who were or 
who had been previously being monitored in Bu-Ali Sina 
Hospital at some point in time between 2011 and 2016. 
The inclusion criteria were a) thalassemia major or inter-
media; b) BMD z-score ≤ -2.5 (lumbar spine or femoral 
neck); c) current and previous treatment with zoledron-
ic acid, either annually or every 3 months; and d) avail-
ability of BMD data before and after treatment. Patients 
who were treated with other types of bisphosphonates 
were not included in the study. Exclusion criteria includ-
ed previous use of another bisphosphonate. At Bu-Ali 
Sina Hospital, BMD has been assessed using dual-en-
ergy X-ray absorptiometry (DEXA) annually in all adult 
patients with thalassemia. All patients used 500 to 1000 
mg of calcium plus vitamin D supplements according to 
recommendations of treatment of vitamin D deficiency 
in thalassemic patients with considering their vitamin D 
level (20). Zoledronic acid (Zolena 4-mg ampules; Ronak 
Daru, Tehran, Iran) was administered as a 4-mg IV dose 
in 500 ml of normal saline. Zoledronic acid was adminis-
tered every 3 months in patients with osteoporosis. This 
4-mg dose was administered every 3 months according 
to current osteoporosis management guidelines (15). Pa-
tients who were unable to continue this course of treat-

ment (often due to adverse events) were given an annual 
IV dose in its place. During the case enrollment process, 
patient files were reviewed to obtain data on the follow-
ing: lumbar spine and femoral neck z-scores at annual 
BMD measurements, age, gender, dependent/not depen-
dent on blood transfusions, duration of blood transfu-
sion(s), units of transfused blood per year, received iron 
via blood transfusion, iron-chelating therapy data, mean 
serum ferritin and hemoglobin (measured during the 
previous five years), mean ca (mg/dL) and vitamin D (ng/
mL) levels during treatment with zoledronic acid, histo-
ry of splenectomy, and history of diabetes mellitus. Each 
PRBC (packed red blood cell) packed contains 250 mg of 
iron; so, the iron intake from blood transfusions in mg/
year was calculated as: 250 × the number of units given 
during one year (21). All patients were on a steady dose 
of iron-chelators during treatment with zoledronic acid 
[desferrioxamine (20-40 mg/kg/day), deferasirox (20-40 
mg/kg/day), and deferiprone (50-100 mg/kg /day)].

Statistical analysis. SPSS version 23 software (SPSS 
Inc., Chicago, IL, USA) was used for statistical analysis. 
Mean ± SD was used to describe the continuous vari-
ables with a normal distribution assessed by the Kolm-
ogorov–Smirnov test. Student’s t-test, Mann–Whitney 
U test and paired t-test were performed to compare 
quantitative variables within and between the two study 
groups, respectively. Qualitative data were compared us-
ing the chi-squared test or Fisher’s exact test. 

3. RESULTS
Thirty-four patients were enrolled who had used zole-

dronic acid; of these patients, 15 (44.1%) were on the 
once-yearly dosing regimen and 19 (55.9%) received 
quarterly (every 3 months) IV doses. Table 1 shows the 
basic and clinical characteristics of patients with β-thal-
assemia receiving treatment with zoledronic acid. No 
significant differences were found among the two groups 
in the different baseline demographic and clinical char-
acteristics described in the materials and methods (Ta-
ble 1). The results of our study show that BMD z-score 
of lumbar spine significantly increased from -2.45 ± 
0.69 to -1.97 ± 0.82 in patients being treated with the 
once-annual zoledronic acid regimen (P=0.02). The fem-
oral neck BMD z-score increased after zoledronic acid 
therapy as annually; however, this increase was not sig-
nificant (from -1.18 ± 0.54 to -0.96 ± 0.75; P=0.2). The 
BMD z-score of lumbar spine in thalassemia patients 
treated with 3-monthly zoledronic acid was -2.52 ± 0.75, 
which decreased to -2.79 ± 0.63 after treatment (P=0.1). 
Before and after femoral neck BMD z-scores in patients 
who received zoledronic acid every 3 months were -1.39 
± 0.89 and -1.36 ± 0.65, respectively (P=0.8). There was 
no statistically significant difference between BMDs was 
obtained at baseline for thalassemia patients treated with 
zoledronic acid every 3 months versus annually at the 
lumbar spine and femoral neck (P=0.9, P=0.4, respective-
ly). Average lumbar spine BMD was 0.82 greater (95% CI 
0.31, 1.33, P=0.003) and average femoral neck BMD 0.37 
greater (95% CI -0.15, 0.87, P=0.1) in the group treated 
annually versus every 3 months with zoledronic acid. 
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Thirty percent of patients experienced flu-like symptoms 
and bone pain after treatment. Figure 1 shows changes in 
BMD z-scores for lumbar spine and the proximal femo-
ral neck before and after treatment with zoledronic acid 
annually versus every 3 months in patients with thalas-
semia.

4. DISCUSSION
The pathogenesis of thalassemia-related osteoporo-

sis is multifactorial and dependent on genetic variants, 
bone marrow expansion, iron burden, iron chelators, 
renal involvement, and endocrine condition; therefore, 
osteoporosis management is difficult in these patients 
(11). This study showed that single-dose zoledronic acid 
therapy over a year (4-mg, single dose once yearly) was 
effective in improving lumbar spine BMD in the treat-
ment of osteoporosis in patients with thalassemia.

Several studies have shown the positive effects of IV 
infusion of zoledronic acid either every 3 months or ev-
ery 6 months at a dose of 4 mg (annual total exposure, 8 
or 16 mg) for osteoporosis management in patients with 
thalassemia. However, evidence related to the annual IV 
administration of zoledronic acid is, to our knowledge, 
currently lacking. Voskaridou et al., carried out studies 

that assessed the efficacy of dosing every 3 months or 
every 6 months (22). In one of these studies, the mean 
% change of lumbar spine and femoral neck BMD was 
5.8% and 4.8%, respectively, with dosing every 6 months, 
and 15.2% and 11.3%, respectively, for dosing every 3 
months; these increases were not significant (P>0.05) 
(22). In another study, 18 patients with β˗thalassemia 
who received 4 mg of zoledronic acid every 3 months for 
one year were compared to a control group (n=10) (23). 
All patients received 500 mg of calcium and 400 IU of 
vitamin D as daily supplements. This study showed sta-
tistically significant improvement in BMD for the lum-
bar spine, femoral neck, and trochanter/total hip. They 
also performed laboratory tests for levels of osteocalcin, 
25(OH) vitamin D, 1,25(OH)2 vitamin D, bone alkaline 
phosphatase, parathyroid hormone (PTH), urine creat-
inine, and urinary deoxypyrinidoline at baseline and at 
3-, 6-, and 9-month intervals. Apart from PTH, all other 
measured changes were statistically significant through-
out the course of follow-up. Osteocalcin and bone alka-
line phosphatase decreased, while vitamin D metabolites 
increased. In our study, we did not find a positive change 
in the lumbar spine or femoral neck BMD after treat-
ment with zoledronic acid at a dosage of every 3 months.

In another study, Gilfillan et al., recruited 23 sub-
jects with β-thalassemia major in Australia for a paired, 
matched randomization trial (5). Twelve patients re-
ceived zoledronic acid 4 mg every 3 months and 11 
received placebo (5); the follow-up period was 2 years. 
These researchers used T-score and BMD as g/cm3 val-
ues in lumbar spine, femoral neck, total hip, and for the 
total body. Lumbar spine had 10.2 ± 2.3% BMD improve-
ments in the first year of treatment, then remained stable 
in the second year. The same effect was found at all other 
measured areas; the best response, overall, was found 
during the first year of treatment (24). To summarize, 
in the current study, we compared the effects of 4-mg 
zoledronic acid administered once yearly with its admin-
istration every 3 months (accumulated dose of 16 mg) on 
annual BMD. Treatment with zoledronic acid as a single 
dose of 4 mg over a year had better outcomes with re-

Variables 
Zoledronic acid

P value Annually
(n=15)

3-monthly
(n=19)

Age (year) 30.6±6.9 33.7±2.2 0.1
Gender (F/M) 10/5 12/7 0.5
Transfusion dependent 3 (20) 4 (21.1) 0.5
Transfused blood (unit/year) 26.14± 13.83 28.01±8.99 0.7
Duration of blood transfusion 
(year) 18.8±12.9 17.5±9.3 0.8

Received iron via blood transfusion 
(mg/year) 6535±3459 7000±2248 0.7

Type of iron-che-
lating therapy

DFO 2 (13.4) 1 (5.3)

0.5
DFX 2 (13.4) 5 (26.4)
Combination 
therapy with 
DFO and DFP

- 1 (5.3)

Duration of treatment with DFO 
(year) 4.71±5.15 5.44±3.32 0.4 a

Duration of treatment with DFX 
(year) 2.34±1.53 2.65±1.19 0.7

Duration of combination therapy 
with DFO and DFP (year) 4.66±3.05 6.5±3.2 0.4

Duration of iron-chelating therapy 
(year) 24.1±4.3 16.2±9.9 0.1

Ferritin (5-year mean; ng/dl) 1240±198.8 980±519.2 0.3
Hb (5-year mean; gr/dl) 9.67±1.14 9.04±1.05 0.1
Ca level (mg/dL) 9.33±0.79 9.07±0.62 0.3
Vit D level (ng/mL) 28.96±20.42 24.44±9.75 0.5
Splenectomy 3 (20) 4 (21.1) 0.6
Diabetes mellitus 1 (6.7) - 0.3

Table 1. Demographic and clinical characteristics of patients with 
β-thalassemia treated with zoledronic acid as annually and 3-monthly. 
DFO: deferoxamine, DFX: deferasirox, DFP: deferiprone, Vit D: vitamin 
D, P values <0.05 were considered significant. Data are shown as 
mean±standard deviation or number (percentage). a P value was 
obtained by Mann–Whitney U test

7 
 

Figure 1 shows changes in BMD z-scores for lumbar spine and the proximal femoral neck before and 

after treatment with zoledronic acid annually versus every 3 months in patients with thalassemia.  

 
Figure 1. z-scores for lumbar spine and femoral neck BMD before and after treatment with zoledronic 
acid.  
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bone marrow expansion, iron burden, iron chelators, renal involvement, and endocrine condition; 

therefore, osteoporosis management is difficult in these patients (11). This study showed that single-dose 

zoledronic acid therapy over a year (4-mg, single dose once yearly) was effective in improving lumbar 

spine BMD in the treatment of osteoporosis in patients with thalassemia.  

Several studies have shown the positive effects of IV infusion of zoledronic acid either every 3 months or 

every 6 months at a dose of 4 mg (annual total exposure, 8 or 16 mg) for osteoporosis management in 

patients with thalassemia. However, evidence related to the annual IV administration of zoledronic acid 

is, to our knowledge, currently lacking. Voskaridou et al., carried out studies that assessed the efficacy of 

dosing every 3 months or every 6 months (22). In one of these studies, the mean % change of lumbar 

spine and femoral neck BMD was 5.8% and 4.8%, respectively, with dosing every 6 months, and 15.2% 

Figure 1. Z-scores for lumbar spine and femoral neck BMD before and 
after treatment with zoledronic acid.



Administration of Intravenous Zoledronic Acid Every 3 Months vs. Annually in β-thalassemia Patients with Low Bone Mineral Density

173ORIGINAL PAPER | MED ARCH. 2018 JUN; 72(3): 170-173

spect to reversing bone loss; moreover, the cost was low-
er, with reduced incidence of adverse events. Perifanis 
et al., performed a study on 29 patients with β-thalas-
semia major and 20 age- and sex-matched healthy blood 
donors. Patients received 1 mg of zoledronic acid as an 
intravenous infusion every 3 months. Osteoprotegerin, 
N-terminal cross-linking telopeptide of type 1 collagen 
(NTX), osteocalcin (OC), and insulin-like growth factor 
1 (IGF-1) were measured before and after each zoledron-
ic acid infusion, noting no difference in baseline serum 
OPG between the thalassemia and the control group. Se-
rum NTX was higher in the thalassemia group, but the 
difference was not statistically significant; serum OC was 
significantly higher in the thalassemia group, while IGF-
1 values were lower (P<0.001). The effect of zoledronic 
acid on these parameters showed a very slight increase 
in serum OPG (+ 0.2 pmol/L = 7%), a 28% decrease in 
NTX (P<0.05), >70% decrease in OC, and a significant 
decrease in IGF-1 (P<0.05). The BMD T-score was -2.87 
± 0.71 before and -1.32 ± 0.80 after 4 zoledronic acid 
infusions (p<0.05). The slight increase in OPG can be 
attributed to the effect of osteoblasts in indirectly af-
fecting bone resorption. The researchers concluded that 
zoledronic acid is the most potent agent for inhibition 
of bone resorption (by decrease in OC). The decrease in 
IFG-1 had not been reported previously (24). The major 
limitation of this study was the small sample size, as well 
as enrollment of heterogeneous group of thalassemic pa-
tients. Other potentially confounding factors related to 
osteoporosis could not be considered in this work. As 
once-yearly administration is less expensive and more 
convenient - along with being better tolerated - we rec-
ommend further research to see if this protocol is supe-
rior to administration of zoledronic acid every 3 months.

5. CONCLUSION
Treatment with zoledronic acid as an annual infusion 

effectively increases lumbar spine BMD and is a more 
efficacious, less expensive and well-tolerated option to 
consider in place of treatment with IV infusion every 3 
months for thalassemia-associated osteopenia.
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