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Abstract
Purpose The objectives were to study the effect of a single dose of intravenous (IV) zoledronic acid (ZA) on changes in
bone mineral density (BMD) (lumbar spine (LS), hip, & distal forearm), trabecular bone score (TBS) and bone turnover
markers (BTMs) in postmenopausal osteoporotic women with and without diabetes over 12 months.
Methods Patients were divided into two groups: type 2 diabetes mellitus (T2DM) (n= 40) and non-DM (n= 40). Both
groups received a single dose of 4 mg IV ZA at baseline. The BMD with TBS and BTMs (β-CTX, sclerostin, P1NP) were
measured at baseline, six months, and 12 months.
Results At baseline, BMD in all three sites was similar in both groups. T2DM patients were older and had lower BTMs than
non-DM patients. The mean increase in LS-BMD (gram/cm2) at 12 months in T2DM and the non-DM group was 3.6 ± 4.7%
and 6.2 ± 4.7 %, respectively (P= 0.01). However, the age adjusted mean difference in LS BMD increment between two
groups at one year was − 2.86 % (−5.02% to −0.69%), P= 0.01. There was a comparable change in BMD at other two
sites, BTMs, and TBS in both the groups over one year follow-up.
Conclusion The gain in the LS-BMD was significantly lower in T2DM group compared to non-DM subjects over 12 months
after a single IV infusion of 4 mg ZA. The explanation for this could be low bone turnover in diabetes subjects at baseline.
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Introduction

Osteoporosis is a silent disease that causes disruption of
bone architecture and increases the risk of fragility fractures
[1]. The prevalence of type 2 diabetes mellitus (T2DM)
increases with age. So, a significant number of

postmenopausal women have both diabetes and osteo-
porosis in the world [2]. Bisphosphonates (BP) are com-
monly used drugs for managing postmenopausal
osteoporosis (PMO) [3]. These drugs help in decreasing
bone loss by suppressing osteoclastic activity. Zoledronic
acid (ZA) is the most potent BP used for the treatment of
osteoporosis [4]. It is particularly useful when the bone
turnover markers (BTMs) are high (e.g., postmenopausal
state).

Studies have shown normal or high bone mineral density
(BMD) in patients with T2DM [5, 6]. The risk of fractures
increases in patients with diabetes irrespective of their BMD
because of the poor bone quality [7]. The alteration in the
quality of bone is due to accumulation of advanced glyca-
tion end products and associated microvascular complica-
tions [8]. Trabecular bone score (TBS) is a marker of bone
microarchitectural texture calculated from lumbar spine
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scans obtained during dual-energy X-ray absorptiometry
(DXA) and predicts fracture risk independent of BMD [9].
Once-yearly intravenous (IV) ZA therapy significantly
increased TBS along with BMD compared to placebo over
two years in subjects of PMO [10]. However, the effect of
ZA on TBS has not been compared between diabetes and
non-diabetes PMO women. Hyperglycemia leads to low
bone turnover in T2DM subjects because of its inhibitory
effects on osteoblasts and osteoclasts [11, 12]. As both bone
formation and resorption markers are low in T2DM sub-
jects, and the information about BMD in them varies
widely, the effect of ZA is expected to be different in PMO
with and without T2DM.

Few studies have compared the effects of BPs on BMD,
BTMs, and fractures in PMO with and without T2DM
[13–21]. Studies on BPs like alendronate, risedronate, and
ibandronate suggest that the improvement in BMD and
fracture prevention in T2DM patients was not different from
non-DM subjects [14–17]. However, the studies by both
Yilmaz et al. and Dagdalen et al. showed lesser response to
BPs in T2DM group [18, 19]. To the best of our knowledge,
only one study compared the effect of ZA in PMO with and
without T2DM, namely, the post hoc analysis of The Health
Outcomes and Reduced Incidence with Zoledronic Acid
Once Yearly- Pivotal Fracture trial (HORIZON-PFT)
[20, 21]. This study did not include any patients of Indian
origin and Indians differ from Caucasians in skeletal size,
BMD, and bone geometry [22]. Hence, we decided to
compare the effects of ZA on BMD, TBS, BTMs, and
incident fractures over one year in Indian PMO women with
and without T2DM.

Subjects, Material and Methods

Study setting and participants

This prospective cohort pilot study was conducted in the
department of Endocrinology of an academic research
institute in India from October 2018 to January 2021. The
primary objective was to compare the effect of a single 4 mg
dose of intravenous ZA on changes in BMD at the lumbar
spine (LS), femoral neck (FN), and total hip (TH) in PMO
women with and without T2DM after 12 months of treat-
ment. The secondary objectives were to study the effect of
intravenous ZA on BMD at distal forearm (FA), TBS,
BTMs, and incident fractures in them. This study was
performed in line with the principles of the Declaration of
Helsinki after obtaining the Institute Ethics Committee’s
approval.

The patients attending endocrinology outpatient depart-
ment and diagnosed to have osteoporosis fulfilling the
inclusion and exclusion criteria were enrolled to the study

after getting informed consent. Osteoporosis was defined as
a BMD T-score of − 2.5 or less at the LS (L1–L4), FN, or
TH. Women aged 50–80 years and postmenopausal for
more than 5 years with BMD T-score of −2.5 or less were
included in the study. They were screened for presence of
both secondary causes of osteoporosis and T2DM. Patients
with evidence of secondary osteoporosis, chronic kidney
disease, chronic liver disease, rheumatological disorders,
chronic infection, cancer, serum 25 hydroxyvitamin
D[25(OH)D] < 12 ng/ml [23], and usage of medications
known to affect the skeleton, for example, corticosteroids,
anti-convulsants, thiazolidinediones, sodium-glucose
cotransporter 2 inhibitors, bisphosphonates, teriparatide,
calcitonin, hormone replacement therapy were excluded
from this study. Patients were divided into T2DM and non-
DM groups based on the American Diabetes Association
criteria [24]. Those already on treatment for T2DM diag-
nosed prior were included in T2DM group, and the rest
underwent an oral glucose tolerance test (OGTT) with 75-
gram anhydrous glucose. Those diagnosed as having dia-
betes during OGTT were included in T2DM group, and the
patients with normal glucose tolerance were included in
non-DM group.

At baseline, detailed history, including age, years since
menopause, past history, and family history of fracture(s),
was taken. The history of any chronic disease or drug intake
was asked to rule out secondary osteoporosis. Physical
examination, including anthropometric evaluation, was
done for all subjects. Body weight was measured using an
electronic scale (1–300 kg accurate to the nearest 50 g).
Height was measured to the nearest 0.1 cm by using a sta-
diometer. The subjects’ height was taken in the standing
position, without footwear, keeping heads in the Frankfurt
plane. Body mass index (BMI) was calculated by dividing
the body weight in kg by the square of height in meters.
Blood pressure was measured with an appropriately sized
cuff using a digital sphygmomanometer, and the average of
two readings was recorded.

Biochemical assay methods

Baseline laboratory investigations included fasting plasma
beta-CrossLaps (β-CTX), amino-terminal propeptide of
type 1 procollagen (P1NP), sclerostin, serum 25(OH)D,
creatinine, calcium, albumin, phosphorus, thyroid function
tests, liver function test (LFT), complete blood count and
erythrocyte sedimentation rate. Fasting plasma β-CTX,
P1NP, and serum 25(OH)D, along with calcium, albumin,
phosphorus, and alkaline phosphatase (ALP), were repeated
at six months and 12 months. However, plasma sclerostin
was repeated only at 12 months. Venous blood samples
were collected in the early morning after an overnight fast.
Blood was collected in clot activator and dipotassium
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EDTA (K2-EDTA) tubes. Collected blood samples in clot
activator tubes were kept for 15–30 min for clot formation
and then centrifuged at 2500 rpm for 10 minutes at 4 °C. All
parameters except BTMs were processed on the same day
[25]. For BTMs, samples were centrifuged, and plasma was
separated and stored at −80 ˚C. Stored plasma samples were
batch analyzed at the end of the study.

Biochemical parameters, including calcium, phosphorus,
albumin, LFT, and creatinine, were measured using a
Beckman Coulter analyzer. The normal range of albumin-
adjusted serum calcium, phosphorous, and ALP in our lab
was 8.8–10.2 mg/dl, 2.5–4.5 mg/dl, and 30–120 IU/l,
respectively. Serum 25(OH)D was measured by chemilu-
minometric technology (ADVIA Centaur XP Immunoassay
System, Siemens Healthcare Global, USA). The range of
detection of serum 25(OH) D was 4.2–150 ng/ml
(10.5–375 nmol/L). The within run and total coefficient of
variation (CV) of 25(OH)D assay were 7.0% and 11.1%,
respectively. Both plasma β-CTX and P1NP were mea-
sured by electrochemiluminescence immunoassay (Cobas
e411 immunoanalyzer, Roche diagnostics GmbH, Man-
nheim, Germany). The range of detection of β-CTX was
0.010–6.00 ng/ml. The intra-assay and inter-assay CVs for
values between 0.03 and 0.5 ng/ml were < 10%, and those
between 0.5 and 5 ng/ml were < 3% and < 6%, respec-
tively. The range of detection of P1NP was 5–1200 ng/ml.
The intra-assay and inter-assay CVs for values < 50 ng/ml
were < 5% and < 7%, respectively, and for values between
50 and 500 ng/ml were < 4% and < 5%, respectively. The
plasma sclerostin level was measured using the enzyme
immunoassay kit (TECOmedical AG, Sissach, Switzer-
land). The lower limit of quantitation of plasma sclerostin
was 0.025 ng/ml with both intra-assay and inter-assay
CV < 5%.

Imaging

The patients underwent lateral and anteroposterior radio-
graphs of the thoracic and lumbar spine (T4-L4) using the
same x-ray machine at baseline, six months, and 12 months,
or if the patient complained of back pain suggestive of
vertebral fracture (VF). Radiographs were assessed using
the Genant grading scale [26] by the same radiologist at all
time points. The radiologist was blinded to the diabetes
status of the subjects. Patients were considered to have a
new VF if there was at least a grade increase in previously
normal vertebrae. Determination of worsening of preexist-
ing fractures also required an increase of at least one grade.
Other findings were also noted, such as aortic calcification,
soft tissue calcification, or any spinal abnormality, such as
scoliosis or spondylolisthesis.

The BMD (in g/cm2) was measured at LS (L1-L4), FN,
TH, FA and TBS at lumbar spine using a Hologic dual-

energy x-ray absorptiometer (Hologic Discovery Wi) at
baseline, six months and 12 months. The same technician
carried out measurements for the entire study period and the
quality control for the machine was performed with daily
phantom scans for LS. The data from calibration and
phantom scans were plotted and the least significant change
(LSC) was calculated for the technologist. In vivo precision
assessment of our technologist was done by measuring 15
patients three times following International Society for
Clinical Densitometry guidelines [27]. These values were
entered in the online LSC calculator, and precision error
(CV) was obtained at a 95% confidence level (CI) for serial
BMD testing [28]. The precision error was multiplied by
2.77 to yield the LSC. The precision errors for LS, FN, and
TH were 1.24%, 1.72%, and 1.49%, respectively. The TBS
was derived from the LS DXA image (L1 to L4) using TBS
Osteo powered by TBS iNsight software v 3.1.1 (Medi-
maps, Geneva, Switzerland) [29]. A TBS value > 1.35 was
labelled as normal microarchitecture, a value 1.2–1.35 was
labelled as partially degraded microarchitecture, and a
value < 1.2 was labelled as degraded bone micro-
architecture. The patients with partially degraded micro-
architecture and degraded bone microarchitecture were
added together to calculate the proportion of low TBS in
the study.

Treatment

All the patients received an IV infusion of 4 mg ZA in
100 ml normal saline over 30 minutes after documenting a
normal ECG done at baseline. We have used 4 mg instead
of 5 mg ZA based on the availability in our hospital. The
patients were monitored for post-infusion adverse effects.
Those subjects who developed flu-like illnesses were
treated with paracetamol tablets. Patients were also
advised to report immediately if they developed palpita-
tions, carpopedal spasms, oliguria, or any allergic reaction
after infusion. In addition to ZA, all patients in both groups
received oral daily calcium (1000 mg) and cholecalciferol
(500 IU/day) supplementation.

Statistical analysis

Analysis was carried out using Statistical Package for Social
Sciences (SPSS Inc., Chicago, IL, version 21.0 for Win-
dows). The distribution of the data of all continuous vari-
ables was assessed using the Shapiro-Wilk test for
normality. Continuous and categorical variables were
summarized using mean with standard deviation
(SD) /median with inter-quartile range (IQR) and propor-
tions, respectively. Test of significance of continuous vari-
ables between diabetes and non-diabetes group were
assessed using an independent t-test or Mann-Whitney
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U test, depending on the normality. A significant difference
between the categorical variables was evaluated using the
chi-square test or Fisher’s exact test, whichever was
applicable. The percentage change of BMD from baseline to
6 months [(BMD at 6 months - BMD at baseline)/BMD at
baseline] was calculated for the DM group. Linear regres-
sion with BMD% change as the dependent variable and the
presence of DM as the independent variable was done. The
beta-coefficient (which is the mean difference between the
BMD% change between the DM and non-DM groups) was
reported. Adjusted beta-coefficient was estimated after
adding age as a covariate. The same analysis was repeated
for BMD% change from baseline to 12 months. Similar
analysis was also done for BTM% change at both at 6 and
12 months. TBS was compared between DM and non-
diabetes groups both at baseline and 12 months using
independent t-test. Similarly, the proportion “low TBS” was
compared between the two groups both at baseline and
12 months using chi-square test. As the sample size is
greater than 30, linear regression was done assuming that
the distribution of the parameter is normal, although the
distribution of BMD% change seems non-normal. In all
statistical tests, a p-value ≤ 0.05 was considered statistically
significant.

Results

A total of 146 subjects were screened and eighty subjects
(40 in each group) were finally included after eliminating
66 subjects, as shown in Fig. 1. Only two out of 40 T2DM
patients were newly diagnosed with OGTT. The comparison
between the baseline characteristics of two groups is pre-
sented in Table 1. The patients in diabetes group were older
compared to those in non-diabetes group (60.5 (57.2–65) vs.
57.5 (53–64.7) years, p= 0.03) with a higher proportion of
hypertensives (15 (37.5%) vs. 7 (17.5%), p= 0.04). How-
ever, there was no difference in the years since menopause
between two groups. The mean duration of diabetes was
9 ± 6.1 years with 10 (25%) patients on insulin treatment.
Metformin was prescribed for all of them. Other oral anti-
diabetes drugs taken by the patients were sulphonylureas
(62.5%) and gliptins (15%). The blood glucose control was
optimal, with median glycosylated hemoglobin (HbA1c) of
7.5% (58mmol/mol) (IQR: 6.4–8.7%) (IQR: 46 mmol/
mol–72mmol/mol) and 42% of subjects had HbA1c ≤ 7%
(53mmol/mol). Hypertension was present in 22(27.5%)
patients and was treated with anti-hypertensive medications
(angiotensin-converting enzyme inhibitors-80%, angiotensin
II receptor blockers-18%, calcium channel blockers- 31%).

Postmenopausal women with 
osteoporosis were screened 

(n = 146)

Included (n = 109)

Excluded (n = 37)

Vitamin D deficiency (n = 13)

Hyperparathyroidism (n = 2)

Hyperthyroidism (n = 12)

Malignancy (n= 10)

Diabetes Group

n = 55

Non-diabetes Group

n = 54

Analysed at 12 months

n = 40

Analysed at 12 months

n = 40

1-Developed RA

13-Lost to follow up

2 – Died

13-Lost to follow up

Fig. 1 Study Outline

174 Endocrine (2023) 82:171–180



Hypothyroidism was present in 36 (45%) patients and was
treated with levothyroxine to maintain a euthyroid state
throughout the study period.

Nine (11%) patients had a history of clinical fractures
(distal radius-2, vertebral-2, neck of femur-2, shaft of tibia-
3), as shown in Table 1. VFs based on x-ray done at baseline
in two groups are shown in Supplementary Table 1. Two
patients in diabetes group and ten patients in non-diabetes
group had a total of seventeen VFs at baseline (2(5%) vs. 10
(25%), p= 0.02). Diabetes subjects had lower plasma BTMs
with higher serum calcium levels compared to non-diabetes
subjects at the baseline. But all of them had serum calcium
levels in the normal range. However, BMD measured at all
four sites and TBS were similar in both groups.

Changes in bone mineral density, trabecular bone
score, and incident fracture

The mean increase in LS-BMD in diabetes group was
3.6 ± 4.7%, and that in non-diabetes group was 6.2 ± 4.7 %

at 12 months compared to the baseline (p= 0.01) (Table 2).
The age adjusted mean difference in LS BMD increment
between two groups at one year was − 2.86% (−5.02% to
−0.69%), p= 0.01. The improvement in LS-BMD was
more in first six months after the treatment in non-diabetes
group, and the gains accumulated were maintained in later-
half of the year (Fig. 2). In diabetes group, the improvement
was uniform throughout the study period. There was no
difference in BMD increment at other three sites between
two groups during the study period. TBS was also similar in
both groups at 12 months, as shown in Supplementary
Table 2. One patient in non-diabetes group developed two
new grade 1 VFs during a 12-month follow-up. There was
no deterioration (i.e., increase in grading) of any prevalent
fracture in either group during the study duration.

Change in biochemical parameters

Both β-CTX and P1NP were significantly lower at baseline
in diabetes group. However, a similar reduction at 6 and 12

Table 1 Baseline characteristics
of both the study groups

Study Parameter Diabetes (n= 40) Non-diabetes
(n= 40)

P-value

Age (years) 60.5 (57.2–65) 57.5 (53–64.7) 0.03

Height (cm) 148.8 ± 5.9 148.8 ± 6.3 0.97

Weight (kg) 58.5 (50.2–65.7) 57 (49.2–62.7) 0.22

Body mass index (kg/m2) 26.8 ± 4 25.4 ± 4.2 0.10

Years since menopause 12.5(8–15) 10 (5–15) 0.13

Hypertension n (%) 15 (37.5%) 7 (17.5%) 0.04

Hypothyroidism n (%) 15 (37.5%) 21 (52.5%) 0.19

Past history of clinical fracture n (%) 2 (5%) 7 (17.5%) 0.08

Family h/o fracture n (%) 5 (12.5%) 4 (10%) 0.72

Glycosylated hemoglobin (%) 7.5 (6.4–8.7) - -

Serum creatinine (mg/dl) 0.60 (0.50–0.67) 0.62 (0.56–0.74) 0.16

Serum calcium (mg/dl) 9.5 (9.4–9.6) 9.3 (9.1–9.7) 0.04

Serum phosphorus (mg/dl) 3.9 (3.6–4.5) 3.9 (3.6–4.4) 0.79

Serum alkaline phosphatase (IU/L) 94.5 (79–115) 95.5 (84–115) 0.63

LS BMD (g/cm2) 0.72 (0.69–0.76) 0.71 (0.65–0.74) 0.11

TH-BMD (g/cm2) 0.73 ± 0.78 0.71 ± 0.1 0.50

FN-BMD (g/cm2) 0.58 ± 0.08 0.61 ± 0.09 0.50

FA-BMD (g/cm2) 0.53 ± 0.05 0.56 ± 0.06 0.20

TBS 1.24 ± 0.07 1.26+ 0.08 0.25

Low TBS 15 (37.5%) 10 (25%) 0.23

Serum 25(OH)D (ng/ml) 23 (20.1–33.4) 23 (18.1–26.6) 0.33

Plasma β-CTX (ng/ml) 0.54 (0.36–0.72) 0.63 (0.47–0.91) 0.04

Plasma P1NP (ng/ml) 50.7 (37–63) 67.4 (53.4–82.5) 0.01

Plasma sclerostin (ng/ml) 0.57 (0.43–0.74) 0.63 (0.55–0.75) 0.20

β‑CTX C‑terminal telopeptide of type I collagen, BMD Bone mineral density, FA Forearm, FN Femoral neck,
iPTH Intact parathyroid hormone, LS Lumbar spine, 25(OH) D 25 hydroxyvitamin D, P1NP Procollagen
type I N‑terminal propeptide, TBS Trabecular bone score, TH Total hip

Bold values indicates statistically significant P value < 0.05
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months from the baseline was noted in both groups
(Table 3). The nadir level of both the markers was recorded
at 6 months, following which there was a mild rise in the
levels. At 12 months, both markers were below their
baseline values, demonstrating the durability of response in
both groups. Similarly, no difference in change in plasma
sclerostin over one year was noted between two groups
(Table 3). However, there was a significant increase in
plasma sclerostin level in each group at 12 months fol-
lowing ZA administration compared to baseline (diabetes:
0.57 (0.43–0.74) vs. 0.64 (0.56–0.74), p= 0.008 & non-
diabetes: 0.63 (0.55–0.75) vs. 0.70(0.55–0.88), p= 0.03).
There was no difference in median HbA1c value between
baseline and end of the study in the diabetes group (7.5%
(58 mmol/mol) (6.4–8.7%) (46 mmol/mol–72 mmol/mol)
vs. 8.15% (66 mmol/mol) (6.7–9.9%) (50 mmol/
mol–85 mmol/mol), p= 0.26).

Adverse effects

Acute phase reactions (APR) were the most common
adverse effects in this study, occurring within three days of
the drug administration. 60 patients developed APR, with
pyrexia being more common in non-diabetes group, as
shown in Supplementary Table 3. Patients developing APR
were treated symptomatically with paracetamol tablets. One
patient in non-diabetes group developed arthritis in bothTa
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(BMD) (mean percentage change over 1-year) in diabetes mellitus
(DM) and non-diabetes Mellitus (NDM) postmenopausal osteoporotic
women

176 Endocrine (2023) 82:171–180



knee joints following ZA injection. None of our patients
developed osteonecrosis of jaw or symptomatic hypo-
calcemia, or atrial fibrillation.

Discussion

Eighty patients with PMO, 40 each in diabetes and non-
diabetes groups were included in this prospective cohort
study and given a single IV dose of 4 mg ZA. The duration
of the study was 12 months, and the baseline BMD was
similar in both groups. In our study, although there was an
improvement in LS-BMD from the baseline in diabetes
group, it was lower compared to non-diabetes patients. The
mean increase in LS-BMD was 3.6% in diabetes group as
compared to 6.2% in non-diabetes group at the end of
12-month period (p= 0.01). However, there was no dif-
ference in change in TBS between the two groups.

The higher bone turnover at baseline in non-diabetes
group might have led to a better increase in LS BMD in our
study. A similar result was found in a study involving
35 subjects with PMO in each group (diabetes & non-dia-
betes) receiving alendronate therapy over five years by
Yilmaz et al. [18]. After one year of treatment, there were
no significant differences between the T scores of LS and
FN BMD of both groups. But LS and FN T scores became
significantly lower in diabetes subjects compared to non-
diabetes group after the end of 5th year. The diabetes
subjects also had lower BTMs at baseline, similar to our
findings. A retrospective case-control study involving 26
patients each in diabetes and non-diabetes group, noted a
mean percent increase of 5.5% in diabetes subjects and
4.8% in non-diabetes patients in the LS-BMD (p= 0.85)
[19]. But a decrease in the BMD at TH (−5.6% vs. +1.4%,
p= 0.096), FN (−8.1% vs. +1.1%, p= 0.015), and FA
(−3.6% vs. 12.7%, p= 0.013) was observed in diabetes
patients compared to a non-diabetes group over five years of
alendronate therapy.

The studies by Black et al., Keegan et al., Chesnut et al.,
McClung et al., and Kim et al. showed similar changes in
BMD between diabetes and non-diabetes groups following
BP therapy [14–17, 21]. In the post hoc analysis of the
HORIZON PFT trial, LS BMD improved by 7.6% in

diabetes group (n= 502) and 5.8% in non-diabetes
(n= 7234) subjects over 24 months following yearly IV
ZA therapy (p= 0.42) [21]. Similarly, there was no differ-
ence in the change in BMD at TH (4.4 % vs. 4.7%,
p= 0.57) and FN (3.6% vs. 3.9%, p= 0.66) between two
groups. A post hoc analysis of risedronate use in diabetes
(n= 515) and non-diabetes patients (n= 8816) showed an
increase in LS BMD over 24 months from baseline in both
groups without any difference between them (4.3% vs.
3.9%, p= 0.82) [17]. The change in LS BMD was similar
(6.6% in diabetes vs. 7.5% in the non-diabetes group,
p= 0.4) following three years of alendronate therapy in the
Fracture Intervention Trial (FIT) [14]. However, the incre-
ment in LS BMD was 3.71% in diabetes and 3.41% in non-
diabetes subjects following one year of ibandronate therapy
without any difference between them in a study by Kim
et al. [16]. The comparable change in BMD in both groups
can be explained by the similar plasma BTM levels found at
the baseline in both of these studies [14, 16].

The effect of BPs on changes in BTMs in patients with
PMO with and without T2DM was evaluated in a few
studies [14–17, 20, 21]. There was no difference in reduc-
tion of both β-CTX (52.7% vs. 68.9%, p= 0.09) and P1NP
(53% vs. 57%, p= 0.58) over 12 months after ZA admin-
istration between diabetes and non-diabetes patients in
HORIZON PFT trial [20, 21]. Similar results were found in
different studies on other BPs like alendronate, risedronate,
and ibandronate [14–17, 21]. The range of percentage
reductions in both β-CTX (40.1% to 54.1% vs. 48.1% to
59.6%) and PINP (29.6% to 52.3% vs. 33.2% to 54.9%)
were not different between diabetes and non-diabetes
groups during the study period (6 months to 3 years) in
different trials [14, 16, 17, 21].

The increase in LS BMD was lesser in diabetes group
compared to non-diabetes group in our study. The higher
baseline BTM levels are associated with better response in
BMD increment and fracture prevention following treatment
with osteoporosis medications like BP [30, 31]. So, BMD
increment following anti-resorptive therapy will be
decreased in low bone turnover state like diabetes. Trabe-
cular bone is the more metabolically active compartment of
the bone, and cortical bone undergoes slower remodeling
than trabecular bone. The spine is rich in trabecular bone

Table 3 Comparison of percentage changes in biochemical parameters at 6 and 12 months as compared to baseline between the two groups

Parameter 6 months 12 months

Diabetes (n= 40) Non-diabetes (n= 40) P-value Diabetes (n= 40) Non-diabetes (n= 40) P-value

Plasma β-CTX (%) −71 (−78.58 to −56.98) −71.8 (−77.4 to −63.9) 0.78 −57.5 (−67 to −36.1) −60.7 (−66.6 to −43) 0.47

Plasma P1NP (%) −60.3 (−73.7 to −42.7) −65.4 (−73.8 to −59.3) 0.17 −44.27(−60.7 to −30) −50.1(−61.5 to −41.4) 0.14

Plasma sclerostin – – – 10.04 (−1.52 to 25.76) 7.06 (−4.93 to 24.38) 0.55

β‑CTX C‑terminal telopeptide of type I collagen, BMD Bone mineral density, P1NP Procollagen type I N‑terminal propeptide
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compared to other areas like the hip [32]. So, the difference
between BMD increment in diabetes and non-diabetes
groups at LS will be more prominent following treatment
with an antiresorptive drug like ZA. This may be the reason
why there was a significant difference in only LS BMD
response to ZA between diabetes and non-diabetes subjects
in our study. Therefore, an anabolic agent like intermittent
recombinant human PTH therapy (1–34) can be considered a
better treatment option for PMO patients with T2DM.
During teriparatide treatment, increases in both LS and TH
BMD and fracture prevention did not differ between dia-
betes and non-diabetes groups in a study by Schwartz et al.
[33]. However, the increase in FN BMD was greater in
T2DM patients than in patients without diabetes (0.34 vs.
0.004 g/cm2, respectively; p= 0.014). Similarly, the reduc-
tion in clinical fracture rate was greater for diabetes subjects
compared to non-diabetes group (77% vs.48%, p= 0.046) in
an analysis of the data from 4 real-world observational
studies on the effectiveness of teriparatide [34].

In our study, 75% of patients experienced adverse effects
in the form of APR. Pyrexia was seen in 25%, whereas flu-
like illness was seen in 30% of the patients. APRs occurred
within three days of drug administration and pyrexia was
more common in the non-diabetes group. The prevalence of
AE varies from 42.4% to 87% in different studies [35–38].
APR in the HORIZON-PFT trial was also less common in
diabetes subjects (odds ratio-0.73; 95% CI, 0.58 to 0.92)
[35]. This can be explained by the lesser immune response
found in diabetes subjects [39].

This is the first prospective study to compare the effect of
IV ZA on change in BMD in PMO women with and
without diabetes. Additionally, OGTT was done to rule out
diabetes in our study. However, it also has a few limitations.
First, the short duration of follow-up (e.g., one year) is not
enough to comment on the long-term trend of changes in
BMD and the fracture preventive potential of ZA. Second,
the sample size was not calculated as this was a pilot study.
Third, the study was done exclusively in Asian Indians and
may not apply to other ethnic groups.

Conclusion

The gain in the LS-BMD was significantly lower in diabetes
group compared to non-diabetes group at 12 months fol-
lowing a single IV infusion of 4 mg ZA. The explanation
for this could be low bone turnover in diabetes subjects at
baseline. These findings need confirmation in further large
multicentric clinical trials.
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