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Abstract

predictors of vertebral fractures.

fracture occurrence.

Background: Bisphosphonates are the most common treatment for osteoporosis with confirmed efficacy. However,
less information is available on prolonged use. This study was performed to examine the risk of osteoporotic
vertebral fractures during bisphosphonates holiday and estimate its predictors.

Results: Forty-two patients completed 2-year fracture-free holiday; 7 had spontaneous vertebral fracture. Among
baseline characteristics, age was significantly higher in fracture group (69.99 + 3.62 vs. 75.37 + 3.81; P value 0.007);
other factors were comparable. Longitudinal changes analysis showed that only alkaline phosphatase (ALP)
increment had significant group over time interaction (P value 0.002). The difference between baseline and clinical
end-point serum collagen type 1 cross-linked C-telopeptid (CTX) was significant in both fracture and non-fracture
groups, whereas femoral neck and total hip BMD decline was significant in fracture group only. Multivariate analysis
showed that only age (OR, 1.43; p, 0.011) and history of previous fractures (OR, 13.59; p, 0.044) are significant

Conclusions: These results suggest that older age and history of previous fracture should be considered as risk
factors for vertebral fractures during bisphosphonates holiday. Furthermore, femoral neck and total hip BMD decline
could be related to vertebral fractures. By the same token, overt increase of ALP and CTX could be an indicator of
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Background

Vertebral compression fractures are the most common
osteoporotic fracture [1] which constitutes a main chal-
lenge in the elderly population. These fractures are asso-
ciated with higher morbidity and mortality, in addition
to the economic burden as a consequence of direct and
indirect costs [2, 3].

Bisphosphonates are the prevalent treatment for osteo-
porosis. Its efficacy, when used for 3-5 years, in increas-
ing bone mineral density (BMD) and reducing fracture
risk in postmenopausal women has been confirmed [4].
However, there are growing recommendations of
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utilizing bisphosphonates’ drug holiday because of the
inadequate data for prolonged use and the concerns re-
garding long-term safety. Rare yet still serious adverse
events have been reported, which include osteonecrosis
of the jaw, atypical femoral fractures, and increased risk
of atrial fibrillation [5-8].

The ideal duration of the bisphosphonates’ suspension
and the risk factors for drug holiday-related vertebral
fractures are not well-established yet. Previous studies
have shown that BMD persist higher than baseline
values after 5years of alendronate holiday, even bone
turnover remained partially suppressed, but the risk of
clinical vertebral fractures was significantly increased [9,
10]. On the other hand, zoledronic acid discontinuation
after 3years resulted in increased monomorphic verte-
bral fractures compared to those who continued treat-
ment for 6years [11]. Nevertheless, there is no clear
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algorithm for choosing drug holiday candidate perfectly
yet, coupled with the lack of trials to differentiate among
the risk factors associated with various fracture sites [5].
The aim of this study was to describe the clinical, la-
boratory, and BMD changes during bisphosphonates 2
years drug holiday in postmenopausal women and to de-
tect the predictors of spontaneous vertebral fractures
during this holiday.

Methods

Patients

In the study, postmenopausal women who visited
Rheumatology clinic, Dallah Hospital, Riyadh, Saudi Ara-
bia, during the period from January 2016 to February
2017 were included. Eligible patients for enrollment were
female patients with primary osteoporosis, who completed
5years on alendronate or 3 years on zoledronic acid, with
adherence rate to the medication more than 80%; the ad-
herence was assessed and documented as reported by the
participants. Patients who had previous vertebral fractures
or medical conditions resulting in secondary osteoporosis
such as kidney failure, liver impairment, Cushing’s disease,
hyperthyroidism, hyperparathyroidism, hyperparathyroid-
ism, hypocalcemia, rheumatoid arthritis, or Paget’s disease
of the bone were excluded. In addition to subjects taking
corticosteroids, Proton Pump Inhibitors (PPIs), histamine-
2 receptor blockers, furosemide, statins, thiazolidinediones
(TZDs), denosumab, teriparatide, and hormone replace-
ment therapy, patients with high risk of fracture or high
risk of fall, as defined by The Fracture Risk Assessment
Tool (FRAX) and The Falls Risk Assessment Tool (FRAT)
scores respectively, were excluded as well. The protocol of
the study was approved by the hospital scientific and eth-
ics committee, and all patients provided written consent.

Study design and data collection

This study was a single-center prospective study. Sub-
jects on bisphosphonates treatment were prospectively
identified by the investigators, and eligible patients who
agreed to participate were enrolled. The decision to stop
bisphosphonates was made after discussion with the sub-
ject about potential benefits and risks based on the avail-
able information. No data were collected for patients
who refused to participate.

The date of the patient’s initial visit for the current
medical condition was designated as day 0 for follow-up.
Each patient underwent medical history taking and full
physical examination, in addition to antero-posterior
and lateral spine X-ray to rule out old vertebral frac-
tures. Characteristics were recorded, including age, body
mass index (BMI), lumbar spine, total hip and femoral
neck (FN) BMD and T scores, parathyroid hormone (
PTH), vitamin D level, alkaline phosphatase (ALP) as
bone formation indicator, serum collagen type 1 cross-
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linked C-telopeptid (CTX ) as bone resorption marker,
risk of fall using FRAT-up score, and risk of fracture
using FRAX score. FRAT-up score was calculated using
the online tool (http://ffrat.farseeingresearch.eu), version
3.3, University of Bologna, 2016. High risk of fall was de-
fined as FRAT-up score equal or more than 0.5. FRAX
score, as well, was assessed using the online tool
(https://www.sheffield.ac.uk/FRAX), version 4.1, Univer-
sity of Sheffield, UK. High probability of 10-year fracture
was considered in patients with FRAX score of more
than 3% for hip fracture or 20% for major osteoporotic
fracture.

After day 0, follow-up data on the patient’s clinical sta-
tus were recorded at 6, 12, 18, and 24 months, as well as
BMI, BMD assessments, and laboratory work-up. The
primary outcome of the study was clinical or morpho-
metric vertebral fracture. Data collection was ended
when fracture of any type occurred or when the patient
died or could no longer be followed. Patients with verte-
bral and non-vertebral traumatic fractures were not in-
cluded in the study data final analysis.

During the study, any patient who reported clinical
symptoms of fracture was diagnosed with appropriate
radiographic imaging. Lumber spine radiograph was rou-
tinely done every visit and compared to the baseline im-
ages. The diagnosis of vertebral fracture was documented
and coded according to the ICD-10-CM (M80.08).

Statistical analysis

Data analysis was performed using the SPSS version 24
(IBM Corp., Armonk, NY, USA) software. Continuous
variables were reported as mean + standard deviation
and dichotomous variables as number and proportion.

Student’s ¢ test, Mann—Whitney U test, chi-squared
test, or Fisher’s exact tests were conducted for data com-
parison as appropriate. All the potential predictors for
vertebral fracture by previous analyses were subse-
quently enrolled into the univariate analysis. Conse-
quently, variables with a P value < 0.2 by the univariate
logistic analysis were entered to the multivariate analysis
using binary logistic regression.

The change of measurements of BMI, ALP, CTX, fem-
oral neck, total hip, and lumbar BMD during follow-up
visits was verified using GLM repeated measures analysis
of covariance. Two-sided P values of less than 0.05 were
considered to indicate statistical significance.

Results

Characteristics of patients

On February 20, 2017, recruitment was held; a total of
85 patients have met the eligibility criteria and followed
up for 2 years. Last patient follow-up was completed on
20th of February 2019. During the follow-up period, 7
patients had vertebral fractures, 5 of them were


http://ffrat.farseeingresearch.eu
https://www.sheffield.ac.uk/FRAX

Aboughanima Egyptian Rheumatology and Rehabilitation

morphometric fractures, 3 patients had non-vertebral
fracture, 2 patients died, and 31 patients were lost con-
tact. Final data analysis included 42 patients, completed
2-year drug holiday without fractures, and 7 patients
who had vertebral fracture (Fig. 1).

The mean age (+ SD) of patients was 70.76 + 4.08 years;
age was significantly lower in non-fracture group (69.99 +
3.62 vs. 75.37 + 3.81; P value 0.007), while BMI was almost
the same. The frequency of diabetes, smoking, and history
of previous fractures was numerically higher in patients
who developed vertebral fractures, but no statistical sig-
nificance was detected. Also, baseline FRAX risk of major
fracture, FRAT score, ALP, PTH, and vitamin D was non-
significantly higher in fracture group, whereas BMD mea-
surements, CTX, and FRAX risk of hip fracture were nu-
merically lower in fracture group of patients. Regarding
bisphosphonates type, 3 patients were treated with zole-
dronic acid and 82 patients with alendronate. Overall,
there was a correlation between older age, baseline lower
(FN) BMD, and vertebral fracture (Fig. 2). Other
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demographic and clinical profiles were comparable with-
out significant difference (Table 1).

Follow-up measurements

Comparison between fracture and non-fracture groups
regarding longitudinal changes in ALP with the repeated
measures ANCOVA revealed significant group over time
interaction (P value 0.002), while CTX increment was
not significant.

No significant changes in body weight and vitamin D
were noticed. Femoral neck and total hip BMD showed
insignificant decline at the end of the study, whereas
lumbar BMD remained almost at the same level (Table
2, Fig. 3).

Primary end-point measurements difference

Table 3 shows the difference between baseline and clin-
ical end-point measurements, defined as completing 2-
year holiday or having spontaneous vertebral fracture, in
addition to their confidence intervals. CTX difference

1 non-vertebral fracture
0 death -
3 lost follow up

1 non-vertebral fracture
1 death -
10 lost follow up

0 non-vertebral fracture
1 death
7 lost follow up

1 non-vertebral fracture
0 death =
11 lost follow up

85 patients started drug holiday

= 1 vertebral fracture

80 patients at 6 months

= 0 vertebral fracture

68 patients at 12 months

= 3 vertebral fracture

57 patients at 18 months

= 3 vertebral fracture

L]
42 patients at 24 months

Fig. 1 Flowchart of the study
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Table 1 Demographic and baseline clinical characteristics

Total, N = 49 Completed holiday, N=42 (85.7%) Vertebral fracture, N = 7 (14.3%)
Age 70.76 + 4.08 69.99 + 3.62 7537 + 381
BMI 29.70 £ 351 2962 + 3.57 3020 £ 3.32
DM 9 (18.6%) 7 (16.7%) 2 (28.6%)
Smoker 6 (12.2%) 5 (11.9%) 1 (14.3%)
Previous fractures 14 (28.6%) 10 (23.8%) 4 (57.1%)
Zoledronic acid 3 (6.1%) 2 (4.8%) 1 (14.3%)
FRAT-up score 0.205 + 0.032 0.203 +£ 0.033 0.215 + 0.027
FRAX_AII 1153+ 264 1134+ 272 1271 £ 1.79
FRAX_Hip 135+ 053 1.38 + 053 1.21 £ 052
FN BMD 0.660 + 0.090 0.668 + 0.094 0.607 + 0.038
Lumbar BMD 0894 + 0.134 0901 + 0.143 0.850 + 0.043
Hip BMD 0803 £ 0.115 0.806 £ 0.120 0.787 £ 0.089
FN T score - 179+ 046 - 1.75 £ 047 - 202 £029
Lumbar T score — 168 £ 042 - 169 + 043 - 1.66 £ 039
Hip T score — 160 £ 048 — 159+ 050 - 167 +£038
PTH 4852 £ 1755 46.69 + 17.88 4951 £ 1064
Vitamin D 60.12 £ 19.21 59.25 + 1749 6531 £ 28.70
ALP 5267 £10.20 52.03 £ 1044 5648 + 824
CTX 0.196 + 0.082 0.197 £ 0.036 0.191 + 0.088

BMI body mass index, ALP alkaline phosphatase, CTX serum collagen type 1 cross-linked C-telopeptid, BMD bone mineral density, FN BMD femoral neck
bone mineral density, DM diabetes mellitus, PTH parathyroid hormone
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Table 2 Follow-up measurements during drug holiday
6 months 12 18 24 P value

BMI Fracture 3013 £ 202 3011 £ 371 3063 = 3.28 3045+ 1.3 0442
No fracture 2961 + 240 29.81 +2.80 29.70 = 3.27 2974 + 26

ALP Fracture 5760 + 7.86 61.59 + 525 63.07 + 450 66.32 + 5.03 0.002*
No fracture 5479 £ 1275 5348 +13.80 5473 £ 1041 57.08 £ 13.80

CTX Fracture 0.210 £ 0.035 0.280 + 0.036 0.309 + 0.026 0.324 + 0.030 0.572
No fracture 0.215 + 0.073 0.253 + 0.086 0.286 + 0.081 0.299 + 0.081

Vitamin D fracture 6522 + 28.08 67.59 + 22.04 67.76 = 27.46 6730 = 27.77 0.385
No fracture 59.54 + 17.00 5949 + 16.29 58.17 £ 16.30 59.14 + 19.60

FN BMD Fracture 0.605 + 0.038 0.596 + 0.038 0.592 + 0.039 0.572 + 0.032 0.056
No fracture 0.670 = 0.100 0.658 + 0.108 0.662 + 0.088 0.655 = 0.091

Lumbar BMD Fracture 0.883 + 0.081 0.849 + 0.070 0.875 + 0.076 0.839 + 0.103 0.259
No fracture 0.886 + 0.121 0.878 + 0.089 0.880 + 0.118 0.880 + 0.115

Hip BMD Fracture 0.762 = 0.056 0.747 £ 0.144 0671 £ 0.108 0.647 = 0.106 0.352
No fracture 0.797 £ 0.158 0.786 + 0.185 0.739 £ 0216 0.707 + 0.198

BMI body mass index, ALP alkaline phosphatase, CTX serum collagen type 1 cross-linked C-telopeptid, FN BMD femoral neck bone mineral

*Significant
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Table 3 The measurements difference at the end-point

Mean difference (95% Cl) P value
FN BMD Fracture — 0036 (- 0044 t0o — 0012)  0.041*
No fracture  — 0.013 (= 0.026 to 0.006) 0.228
Lumbar BMD Fracture — 0011 (- 0.042 to 0.032) 0.445
No fracture  — 0.023 (— 0.032 to 0.052) 0364
Total hip BMD  Fracture —0.132 (- 0.199 to — 0.080)  0.001
No fracture  — 0.099 (— 0.044 to 0.083) 0.539
CTX Fracture 0.133 (0.082 to 0.096) < 0.001*
No fracture  0.102 (0.030 to — 0.082) < 0.001*
ALP Fracture 9.84 (— 1.232 to 15.634) 0.067
No fracture  5.056 (— 1.332 to 9.321) 0.568

BMD bone mineral density, FN BMD femoral neck bone mineral density, ALP
alkaline phosphatase, CTX serum collagen type 1 cross-linked C-telopeptid
*Significant

after the drug holiday was significant in both groups.
Femoral neck and total hip BMD decline were signifi-
cant as well in fracture group only. On the other hand,
ALP, lumbar BMD difference was not significant.

Determining the independent predictors of vertebral
fracture

Multivariate analysis using stepwise binary logistic pro-
gression showed that only age (OR, 1.43; P, 0.011) and
history of previous fractures (OR, 13.59; P, 0.044) are
significant predictors of vertebral fractures. Conversely,
the change in patients’ BMI, total hip and FN-BMD,
ALP, and CTX change did not seem to affect vertebral
fractures prediction model (Table 4).

Discussion

Osteoporosis is a considerable health problem; further-
more, it was assessed that 40% postmenopausal women
and 30% men will encounter an osteoporotic fracture in
the remainder of their lives [12]. Markedly, osteopenia
and osteoporosis incidence rises with age, and their
complications including fracture, disability, mortality,

Table 4 Multivariate analysis of vertebral fracture

B P OR 95% Cl

value Lower  Upper
Age 0358  0011* 143 1.087 1.881
BMI 0159 0339 117 0.846 1625
Previous fracture 2610  0044* 1359 1072 172373
FN BMD change 1018 0673 2.10 0.004 14.507
Total hip BMD change 1021  0.546 1.82 0.032 1243
CTX change 0850 0388 1.92 0.001 9811
ALP change 0.065 0.193 1.06 0.968 1177

BMI body mass index, FN BMD femoral neck bone mineral density, ALP alkaline
phosphatase, CTX serum collagen type 1 cross-linked C-telopeptid
*Significant
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and economic costs increase as well [13, 14]. It has been
reported that a previous fracture is a noteworthy hazard
for a subsequent fracture. Patients with history of sus-
tained fragility fracture have 86% higher incidence for
any consequent fracture [15]. The occurrence of verte-
bral fracture increments with age in both genders [16],
additionally a 10% reduction in the spinal and/or hip
bone mass, results in 2- and 2.5-fold increase risk of de-
veloping vertebral and/or hip fractures, respectively [17].

Even though rates of morphometric vertebral fractures
were comparable among patients who continued alen-
dronate and those who discontinued it in FLEX
trial(11.3% vs 9.8%), the risk of clinical vertebral fracture
was significantly lower (5.3% vs 2.4%; RR, 0.45; 95% CI
0.24-0.85) among patients who continued alendronate
[9, 10], but subgroup analysis showed that vertebral frac-
tures were reduced significantly in women with femur
neck T score - 2.5 to — 2.0 group only; conversely, there
was no difference in other groups [10, 18]. Correspond-
ingly, there was significant reduction in morphometric
vertebral fracture in participants with low femoral or
total hip T score who continued zoledronic acid for 6
years compared to 3years group (OR = 0.51; 95% CI
0.26-0.95) [11, 19, 20].

Bisphosphonates are the most common used medica-
tions for treatment of osteoporosis [21, 22]; they show
potent efficacy in reducing osteoporotic vertebral frac-
tures with relative risk reduction 0.53 for morphometric
vertebral fractures (95% Cl 0.41-0.68) and 0.45 for clin-
ical vertebral fractures (0.27-0.72) [9, 23]. However,
long-term bisphosphonates use has been connected to
rare but serious adverse events including esophageal
cancer, esophagitis, gastritis, osteonecrosis of the jaw,
atypical femoral fractures, and increased risk of atrial
fibrillation. Additionally, FLEX and HORIZON trials did
show increased overall non-vertebral fracture risk in
alendronate vs. placebo after 5 years and zoledronic acid
vs. placebo after 3 years, respectively. Consequently, phy-
sicians are increasingly considering discontinuation of
bisphosphonates more [18, 24—26]. The American Asso-
ciation of Endocrinologists/American College of Endo-
crinology 2016 Postmenopausal Osteoporosis Treatment
Algorithm stated that bisphosphonate drug holiday
could be considered after 5years of oral and 3 years of
IV therapy, and treatment should be resumed when a
new fracture occurs, BMD declines beyond least signifi-
cant change (LSC), bone-turnover markers (BTMs) rise
to pretreatment values, or patient meets initial treatment
criteria [27]. On the other hand, extension trials of FLEX
and HORIZON demonstrated increment in vertebral
fractures [23].

In this study, 85 postmenopausal women were pro-
spectively followed to examine the risk factors related to
the osteoporotic vertebral fractures that happen after
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discontinuation of bisphosphonates for 2 years. Seven
patients developed spontaneous vertebral fracture, while
the majority of the patients were able to complete the
drug holiday without any fractures (N = 42), which can
be explained by the long half-life of bisphosphonates
medication class and their sustained effect on bone turn-
over and reabsorption. The rate of vertebral fractures is
close to the rate reported in previous studies.

There were recommendations to monitor BMD and
BTMs yearly after discontinuation of bisphosphonate
[23, 28], but post hoc testing of FLEX trial found that
neither hip BMD nor BTMs change after 1 and 3 years
are significant predictors of fracture risk [24]. In this
study, the comparison between participants who devel-
oped vertebral fracture and those who completed 2-year
holiday did not demonstrate any significant difference in
the baseline CTX, ALP, total hip, FN, and femur T
score. In contrast, previous post hoc analysis reported
low hip BMD, at bisphosphonate discontinuation time,
as strong predictor of fracture [28]. Our data showed
non-significant lower baseline hip BMD, but significant
difference of hip BMD at the end of the study in fracture
group, it could be due to the limited incidence of frac-
tures. Further trials are needed to confirm the relation-
ship between baseline hip BMD and vertebral fractures.

Measurements of difference after the holiday showed
numerical drop of the BMD values for both groups, but
only the change in femur neck and total hip BMD of
fracture group after the holiday was significant. Con-
versely, ALP and CTX values increased during the drug
suspension, but only CTX difference was significant in
both fracture and non-fracture groups. Given these
points, rapid femur neck and hip BMD loss and CTX in-
crement after the discontinuation of bisphosphonates
could be an indicator for vertebral fracture risk.

The analysis of repeated measurements between
groups (fracture vs. non-fracture) over time (day O to 2
years or end-point) demonstrated significant interaction
difference for ALP only; this difference over time be-
tween the two groups could be due to the fracture oc-
currence, which increased ALP in the fracture group.
On the contrary, no significant difference over time was
found in CTX, BMD, BM], and vitamin D. During the
follow-up period of the study, all patients received edu-
cational instructions regarding diet and physical activity,
and vitamin D was maintained at normal levels through-
out the study with monthly supplementation of 50,000
IU and 600 mg of elemental calcium at least.

Many studies have identified older age as risk factor
for fracture [1, 10, 11, 16]; similarly, this study revealed
that older age increased the probability of vertebral frac-
ture; nevertheless, larger-scale trial is needed to explore
the disparities between various age groups and poten-
tially determine cut-off age for patients who get benefit
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from bisphosphonates drug holiday. The other signifi-
cant predictor in our multifactorial analysis was history
of previous fractures. Multivariate stepwise logistic re-
gression model showed that patients who have had frac-
tures earlier are at risk, almost 14 folds, to develop new
vertebral fractures. Those patients could be possibly
considered for continuing of bisphosphonates after 5
years or to be shifted to other treatments.

This study has the strengths of being prospective in
design, focusing on vertebral fractures. All patients were
followed every 6 months with BTMs, X-rays, and DXA
scans. However, the outcome of this study has to be
approached in the light of its limitations. Firstly, our
study was a single-center study; for this reason, the sam-
ple size was small with a few cases of end-point inci-
dence (vertebral fracture); as a result, we have not been
able to do survival analysis of the duration of time to
fracture and its associated risk factors. Secondly, we ex-
cluded patients with secondary osteoporosis, so our con-
clusions cannot be generalized to all postmenopausal
osteoporotic women.

Conclusion

This study showed that the incidence of spontaneous
vertebral fracture among postmenopausal women with-
out secondary causes during 2-year drug holiday is about
17%. Risk factors of developing those fractures include
older age and history of having previous fracture. Fur-
thermore, femoral neck and total hip BMD decline could
be related to vertebral fractures. By the same token,
overt increase of ALP and CTX could be an indicator of
fracture occurrence. Other trials are needed to create
stable model of predictors regarding candidate patients
for drug holiday in terms of age, BTMs, and BMD rate
of change and the risk of developing vertebral fractures.
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