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Abstract
Summary This study from southern India showed that yearly administration of zoledronic acid demonstrated significant im-
provement in BMD at lumbar spine following two doses and no decline in BMD at femoral neck or hip and trabecular bone score
(TBS) in postmenopausal women.
Purpose There is limited information available with regard to the impact of zoledronic acid treatment on bone mineral density
(BMD) and trabecular bone score (TBS) in Indian postmenopausal women with osteoporosis. We studied the changes in BMD at
femoral neck (FN), hip and lumbar spine (LS), and in TBS following yearly administration of zoledronic acid (ZA) in subjects
with postmenopausal osteoporosis.
Material and methods This was a prospective-retrospective study which included subjects on follow-up after administration of
yearly zoledronic acid, over the past 6 years. Postmenopausal womenwith a Tscore of ≤ − 2.5 at any site, assessed by dual energy
X-ray absorptiometry (DXA), were included.
Results A total of 620 subjects had received ZA during the study period, 197 postmenopausal women were eligible, and follow-
up data were available in 164 and 103 at 1st and 2nd follow-up yearly visits respectively. The mean (SD) age and BMI of the
women were 63.2 (8.5) years and 25.6 (4.5) kg/m2 respectively. There was significant increment in LS BMD from baseline to the
1st and 2nd follow-up visits, respectively (mean (SD), 0.718 (0.116), 0.734 (0.104), 0.762 (0.127) g/cm2, p = 0.024). No decline
in the BMD at FN and hip at first and second follow visit was found. The TBS scores (n = 90) on baseline and follow-up visits
were 1.260 (±0.11), 1.256 (± 0.15), and 1.242 (± 0.17) (p value = 0.71).
Conclusion Lumbar spine BMD showed significant improvement with zoledronic acid treatment. No decline was noted in
femoral neck BMD and TBS with treatment.
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Introduction

Osteoporosis is often a forerunner of fragility fractures, which
are associated with a high morbidity and mortality [1].These
fractures could largely be prevented by early recognition and
appropriate management of osteoporosis. Although several
therapeutic options for the treatment of osteoporosis are avail-
able today, parenteral bisphosphonates are a commonly used,

relatively inexpensive, and a well-tolerated preferred option.
Several clinical trials have proven the efficacy of yearly intra-
venous zoledronic acid, the most potent third-generation bis-
phosphonate, in patients with osteoporosis [2, 3]. However,
these trials had limited representation of Asian ethnicities and
the effectiveness of zoledronic acid is sparsely known in
Indian postmenopausal women [4].

Moreover, individuals from countries like India are known
to have a lower peak bone mass, higher prevalence of nutri-
tional calcium and vitamin D deficiency, and more severe
osteoporosis, which initiates at an earlier age, as compared
with their western counterparts [5, 6]. This is further exempli-
fied by the influence ethnicity specific databases can have on
the interpretation of bone mineral density in different Asian
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ethnicities [7, 8]. Therefore, it is important to study the impact
of bisphosphonates on bone health, specifically in this popu-
lation, as it may not be similar to that in other women [9].

Furthermore, there is paucity of literature on the impact of
zoledronate on trabecular bone score (TBS), a novel gray-
scale texture measurement predicting the trabecular bone
microarchitecture, based on the assessment of 2-D DXA im-
ages. A low TBS has shown to be an independent predictor of
fractures, irrespective of BMD [10]. A study by Shin et al.
showed a significant increase in TBS following zoledronate
administration, during a 3-year follow-up study [11].

In this study, we explored the longitudinal changes on the
BMD at different sites (femoral neck (FN), hip and lumbar spine
(LS)) following yearly administration of zoledronic acid in
Indian postmenopausal women.We also studied the serial chang-
es in trabecular bone score following intravenous zoledronate.
This study will provide regional data to suggest the expected
impact of this widely used drug in the Indian population.

Material and methods

This single-center retrospective-prospective study was conduct-
ed in a 2858 bedded multi-specialty tertiary care center of south-
ern India. Postmenopausal women were eligible for inclusion if
they had a BMD Tscore of − 2.5 or less at the spine (L1–L4) or
total hip or femoral neck with or without evidence of fragility
fracture. We included those who were treated with yearly paren-
teral zoledronic acid for management of osteoporosis, between 1
January 2013 and 31 October 2018. Women with active cancer,
other metabolic bone diseases, secondary causes of osteoporosis,
deranged renal function tests, and hypercalcemia and those with
history of prior therapy with either bisphosphonates, hormone
replacement therapy, or teriparatide were excluded.

Medical records of eligible subjects were retrieved from
computerized hospital information processing system
(CHIPS) department. Data from baseline visit and subsequent
follow-up visits were noted and subjected to analysis.
Baseline data was collected for age, height, weight, bodymass
index (BMI), and menopausal age. Weight was recorded in
kilogram using an electronic scale, and standing height was
measured to the nearest centimeter with a stadiometer, with
subjects wearing light indoor clothing without shoes.

Fasting (overnight for 8 h) venous blood samples were col-
lected for the measurement of serum calcium (N 8.3–10.4 mg/
dL), phosphorus (N 2.5–4.5 mg/dL), alkaline phosphatase (N
40–125 U/L), albumin (N 3.5–5.0 g/dL), creatinine (N 0.6–
1.4 mg/dL), and 25-hydroxy vitamin D (N 30–75 ng/mL).
Blood calcium, phosphate, albumin, creatinine, and alkaline
phosphatase were measured using colorimetric method with
Beckman Coulter (Beckman Coulter AU 5800). BMD was
assessed with a Hologic DXA QDR 4500 Discovery A scanner
at lumbar spine, total hip, and femoral neck. Daily quality

control was performed with a phantom provided by the manu-
facturer, and machine was calibrated using a standard protocol.

TBS (L1–L4) measurements were performed using TBS
iNsight Software version 3 (Med-Imaps, Bordeaux, France).
It was retrospectively calculated as the mean of the individual
measurements for vertebrae L1–L4 from the original DXA
images that corresponded to the region in which the BMD
was evaluated [12, 13]. The standard quality control proce-
dures of these devices were followed.

As per our department protocol, subjects with vitamin D
deficiency were optimally treated with oral cholecalciferol
therapy prior to initiation of bisphosphonate. This was follow-
ed by replacement doses of cholecalciferol (1000–2000 IU/
day) and supplemented with oral elemental calcium 500–
1000 mg/day along with yearly zoledronic acid. Baseline data
on prevalent fractures were noted from the patient records.
Subjects who had two follow-up DXA scans were contacted
telephonically, and information regarding incident fragility
fractures was collected prospectively.

Statistical analyses were performed using SPSS v 16 soft-
ware for Windows. Continuous variables were expressed as
mean (SD). Paired Student t test and ANOVA were used to
estimate the longitudinal changes in BMD. A p value of less
than 0.05 was considered significant.

Results

A total of 620 patients had received zoledronic acid in the
Department of Endocrinology during the study period. One hun-
dred ninety-seven of them had received zoledronic acid as man-
agement of postmenopausal osteoporosis (31.7%). The mean
age of the women was 63.2 (8.5) years. The mean BMI was
25.6 (4.5) kg/m2. Themean (SD)menopausal age of the women
46.8 (5.7) years. At baseline, 64 subjects had documented frac-
tures. This included 43 subjects with documented vertebral frac-
tures and 20 peripheral fragility fractures (including 6 subjects
with hip fractures). The baseline serum calcium, phosphorus,
albumin, corrected calcium, and creatinine were within the nor-
mal limits. The mean 25-hydroxyvitamin D levels were 31.7
(14.6) ng/mL; 19.5% of them had vitamin D deficiency (<
20 ng/mL) and 29.8% of them having levels between 20 and
30 ng/mL. The baseline clinical and biochemical characteristics
of the study population are summarized in Table 1.

Among 197 subjects who received zoledronic acid, first
follow-up BMD was available in 164 subjects. Although 132
had completed the second follow-up visit, second follow-up
DXA scans could be retrieved for only 103 subjects (Fig. 1).
The mean (SD) BMD (in g/cm2) in 103 subjects at lumbar spine
was 0.718 (0.116), 0.734 (0.104), 0.762 (0.127) at baseline, first,
and second follow-up DXA scans respectively. The increment
was statistically significant between all measurement (p =
0.024). Similarly, the mean (SD) BMD (in g/cm2) in them at
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femoral neck and hip was 0.572 (0.087), 0.581 (0.081), 0.589
(0.077), and 0.642 (0.068), 0.648 (0.061), 0.655 (0.067) at base-
line, first, and second follow-up, respectively. Although the
change in BMD was not statistically significant, there was no
further age-related decline in the BMD.On telephonic follow-up
of 103 subjects, 84were contactable and 8 subjects reported new
onset peripheral fractures (one humerus fracture, two hip frac-
tures, and five distal forearm fractures).

The TBS score was compared among those who had two
follow-up scans available (n = 103), of which only 90 scans
were evaluable. The mean (SD) TBS at baseline, first, and
second follow-up was (n = 90) 1.260 (0.11), 1.256 (0.15),
1.242 (0.17) (p value = 0.71). The sequential TBS scores for
other sites are summarized in Table 2. The mean (SD) serum
total alkaline phosphatase (U/L) level was 87.7 (31.7), 80.1
(31.1), 72.4 (30.5) at baseline, first follow-up, second follow-
up yearly visit. The decline observed in these visits was sta-
tistically significant (p = 0.008).

Discussion

This is the first data from southern India to study the longitudi-
nal change in bone mineral density and trabecular bone score
following yearly zoledronic acid infusion in postmenopausal

osteoporosis. We found that there was a significant improve-
ment in BMD at lumbar spine following two doses of zoledro-
nic acid and no further decline in BMD at the femoral neck and
hip. In addition, the expected age-related decline in TBS was
not seen in subjects receiving zoledronic acid.

The ultimate goal in the treatment of osteoporosis is preven-
tion of fragility fractures, and periodic BMD measurement by
DXA scan is used in clinical practice to predict therapeutic
response. Previous studies have confirmed the benefit of
once-yearly zoledronic acid infusions in this setting. It has been
demonstrated that zoledronic acid significantly reduces the risk
of morphometric and clinical vertebral fracture, and increases
total hip, femoral neck, and trochanter BMD [14, 15]. Our
results showed a statistically significant improvement in BMD
at lumbar spine between baseline, first, and second follow-up
visits. At 2 years, there was a net increase in the BMD from
baseline by 6.1% at and was comparable with a previous study
by Huang et al. showing increments of up to 5.7% [16].

The BMD increase at total hip and femoral neck during
follow-up, though not statistically significant, remained sta-
ble, and no age-related decline was seen. Unlike our study,
Huang et al. reported a net increase in BMD at femoral neck
by 3.36% over a follow-up period of 2 years.

In the current study, about only one-fifth of study subjects
had vitamin D deficiency (< 20 ng/mL) and these individuals
were adequately treated with vitamin D and calcium, prior to the
initiation of bisphosphonate therapy. Vitamin D deficiency can

Fig. 1 Diagram representing
follow-up of study subjects

Table 2 Mean (SD) TBS score at different regions of interest

Region Baseline First follow-up Second follow-up

L1–L4 1.260 (0.11) 1.256 (0.15) 1.242 (0.17)

L1–L3 1.312 (0.13) 1.212 (0.13) 1.267 (0.13)

L1–L2 1.306 (0.14) 1.196 (0.14) 1.256 (0.12)

L2–L3 1.305 (0.15) 1.214 (0.15) 1.262 (0.15)

L2–L4 1.281 (0.12) 1.230 (0.16) 1.258 (0.14)

L3–L4 1.279 (0.13) 1.252 (0.14) 1.268 (0.13)

Table 1 Baseline
parameters of the study
subjects

Variable Mean (SD)

Age (years) 63.2 (8.5)

BMI (kg/m2) 25.6 (4.5)

Menopausal age (years) 46.8 (5.7)

Calcium (mg/dL) 9.2 (0.7)

Phosphorus (mg/dL) 3.7 (0.7)

Albumin (g/dL) 4.2 (0.3)

Total alkaline phosphatase
(U/L)

87.7 (31.7)

Creatinine (mg/dL) 0.7 (0.2)

25-OH-vitamin D (ng/dL) 31.7 (14.6)
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lead to bone loss by inciting secondary hyperparathyroidism
[17]. It is imperative to adequately replace calcium along with
vitamin D, in deficient patients who are planned to receive
bisphosphonates therapy for more than one reason. This may
prevent severe symptomatic hypocalcemia in severe vitamin D–
deficient patients andmay also enhance the BMD accrual rate in
these subjects [18]. In a study by Adami et al. [19], it was found
that the odds of incident fracture in subjects with vitamin D
deficiency was 1.7 times higher as compared with those who
are vitamin D replete, thus emphasizing the importance of its
correction prior to initiation of bisphosphonate therapy.

In our study there was no significant decline in the TBS on
follow-up after administration of zoledronic acid. This is the first
Indian study to demonstrate the effect of bisphosphonates on
TBS in the Indian population, and limited literature is available
on this subject in other ethnicities. In a study from south Korea,
there was a marginal increase in TBS of postmenopausal wom-
en; however, several different types of oral and intravenous
bisphosphonates were used in this study [11]. At present, there
is no consensus on how to predict response to therapy based on
TBS in postmenopausal women and further follow-up to deter-
mine its utility in predicting fragility fractures would throwmore
light on its use. There was also significant decline in the levels of
serum total alkaline phosphatase, as expected due to the action of
zoledronic acid on reducing the net bone resorption [20].

This is the first study assessing the real-time effectiveness
of zoledronic acid in clinical practice from the Indian subcon-
tinent; however, there were several limitations in this study.
Being a retrospective study, it comes with the disadvantage of
selection bias. Incidence of new onset fragility fracture espe-
cially vertebral fracture and the bone turnover markers which
gauge the antiresorptive effectiveness of zoledronic acid were
not available. In addition, serum parathormone levels were not
available in the study subjects.

In conclusion, yearly zoledronic acid infusion for postmeno-
pausal osteoporosis causes a significant increase in the BMD at
the lumbar spine and stable BMD at total hip or femoral neck in
Indianwomen. It also prevents the expected age-related decline in
TBS. However, long-term efficacy and safety data in the Indian
population need to be assessed with prospective trials in future.
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