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Abstract: Bisphosphonates are used as first-line treatment for the prevention of fragility fracture (FF);
they act by inhibiting osteoclast-mediated bone resorption. The timing of their administration after
FF surgery is controversial; thus, we compared the incidence of second FF, surgery for second FF,
and adverse events associated with early initiation of bisphosphonates (EIBP, within 3 months of FF
surgery) and late initiation of bisphosphonates (LIBP, 3 months after FF surgery) in bisphosphonate-
naive patients. This retrospective population-based cohort study used data from Taiwan’s Health
and Welfare Data Science Center (2004-2012). A total of 298,377 patients received surgeries for FF
between 2006 and 2010; of them, 1209 (937 EIBP and 272 LIBP) received first-time bisphosphonates
(oral alendronate, 70 mg, once a week). The incidence of second FF (subdistribution hazard ratio
(SHR) = 0.509; 95% confidence interval (CI): 0.352-0.735), second FF surgery (SHR = 0.452; 95% CI:
0.268-0.763), and adverse events (SHR = 0.728; 95% CI: 0.594-0.893) was significantly lower in the
EIBP group than in the LIBP group. Our findings indicate that bisphosphonates should be initiated
within 3 months after surgery for FF.

Keywords: fragility fracture; initiation timing; second fracture; adverse events

1. Introduction

Bisphosphonates are commonly used as first-line treatment for the prevention of
primary and second fragility fractures (FFs). Bisphosphonates prevent FFs by inhibiting
osteoclast-mediated bone resorption, thus increasing bone strength and preventing bone
loss. They are endocytosed by osteoclasts and inhibit the activity of farnesyl pyrophosphate
synthase, which is responsible for the production of cholesterol and intracellular localiza-
tion of GTPase signaling proteins, which are essential for osteoclast functions [1]. However,
osteoclasts play a vital role in callus formation and bone remodeling as well as remodeling
of the callus into cortical bone [2,3]. Thus, bisphosphonates may exert adverse effects on
fracture healing. However, animal studies have revealed dissimilar results: no effect on
fracture healing [4,5], delayed fracture healing [6-8], and enhanced fracture healing [9-13].

J. Clin. Med. 2021, 10, 2541. https://doi.org/10.3390/jcm10122541

https:/ /www.mdpi.com/journal /jcm


https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0003-1606-2444
https://doi.org/10.3390/jcm10122541
https://doi.org/10.3390/jcm10122541
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/jcm10122541
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm10122541?type=check_update&version=1

J. Clin. Med. 2021, 10, 2541

20f11

In a case—control study, Li et al. stated that bisphosphonate use in the postfracture period
was linked to increased likelihood of nonunion [14]. However, recent research in humans
has indicated that early bisphosphonate administration does not affect the rate of healing of
fractures, clinical outcomes, or the complications rate [15,16]. No whole-population-based
study has examined this question.

We hypothesized that early bisphosphonate initiation has better outcomes than late
bisphosphonate initiation. Therefore, we compared the incidence of second FF, surgery for
second FF, and adverse events associated with early initiation of bisphosphonates (EIBP;
within 3 months of FF surgery) and late initiation of bisphosphonates (LIBP; 3 months after
FF surgery) used as an oral alendronate (70 mg once a week).

2. Materials and Methods
2.1. Data Sources and Study Samples

This retrospective cohort study used national data (2004-2012) including National
Health Insurance (NHI) claims data, the Cancer Registry Database, and the Death Registry
Database. More than 99% of the population is enrolled in the mandatory, single-payer NHI
program, which provides comprehensive care, including outpatient and inpatient services,
laboratory tests, and prescription drugs.

We include patients aged >50 years who underwent surgery for FF (spine, hip, upper
limb, or lower limb fracture) during 2006-2010 (the index surgery and date) and received
bisphosphonate monotherapy with medication possession ratio (MPR) > 0.5 within the
1 year after the surgery (Figure 1, Table 1). We excluded patients with pathologic fracture,
cancer history, traffic accident injury, multiple fractures, or history of taking antiosteoporotic
medicine. In addition, patients with respiratory failure, pneumonia, an acute cardiac
event, a cerebrovascular accident and spinal cord injury, nerve injury, renal failure, upper
gastrointestinal (UGI) bleeding, acute postoperative hemorrhage, urinary tract infection,
sepsis, osteomyelitis, postoperative infection, or nonunion or malunion within the 3 months
before the index date were excluded. The index date was defined as the day of the first FF
surgery. The selected participants were divided into EIBP and LIBP groups. To improve
the comparability of the groups, the EIPB group was 1:1 matched with the LIBP group
through propensity score matching by using a logistic model to estimate the probability of
initiating the therapy more than 3 months after the index date. The covariates included
in the model were age (<65 and >65 years), sex (male and female), Charlson comorbidity
index (CCL 0, 1, and >2), and FF surgery site (spine, hip, upper limb, and lower limb). All
patients had a minimum 2-year follow-up.

2.2. Confounders and Bias

Registration and classification bias of fractures may be present in the NHI claims data
of patients receiving FF surgery; patients may also have higher frequency of complications
and reoperation following FFs, thus artificially inflating the fracture rate. To limit the
possible biases, we introduced a 90-day “washout” period for each fracture and adverse
event; thus, any new fracture with the same ICD-9 code or adverse event associated with
surgery was ignored. However, the NHI claims data on fractures do not specify the side of
appendicular fractures (i.e., left or right). Furthermore, fractures to the axial skeleton are
classified only as lumbar, thoracic, or cervical. This may result in the exclusion of fractures
to, for example, the left tibia, if a right tibial fracture was registered in the preceding 90 days.
We risked underestimating the fracture rate. We could not correct for this possible bias.

Medications, including thyroxine, proton pump inhibitors, and steroids, affect the
likelihood of FF and adverse events. The prescription of these medications for more than
3 months was recorded.

2.3. Statistical Analysis

All statistical analyses were conducted using SAS (version 9.4; SAS Institute, Cary,
NC, USA). The incidence of outcomes in the EIBP and LIBP groups was estimated by
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calculating the number of cases per 100 person-years. Person-years were calculated using
the time from the index date to the date of the event or the end of follow-up (31 December
2012), whichever occurred first. The cumulative incidence of the outcomes in the EIBP
and LIBP groups was estimated using the modified Kaplan-Meier method and the Gray
method, which considers death a competing risk event [17].

Subdistribution hazard models that accounted for competing mortality were used to
estimate the adjusted subdistribution hazard ratio (SHR) of outcomes, with adjustments
for age (<65 and >65 years old); sex (male and female); site of the index FF surgery (spine,
upper limb, lower limb, and hip); CCI (0, 1, and >2); and comorbidities (cerebrovascular
disease, chronic pulmonary disease, rheumatologic disease, peptic ulcer disease, diabetes,
and renal disease). Risks of secondary FF, second FF surgery, and revision surgery in the
EIBP and LIBP groups were also compared among the subgroups of the index FF surgery
site and age [18].

If significant differences were noted in initial FF surgery and age between the groups
(Table 1), we performed a subgroup analysis to evaluate the effect of initial FF surgery and
age on the outcomes. Although the incidence of rheumatologic disease differed between
the groups, we did not evaluate the effect of this disease because of the small number of
patients.

This study was granted ethical approval by the Institutional Review Board of Chang
Gung Memorial Hospital of Taiwan (104-3677B).
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Figure 1. Study protocol. BP: bisphosphonate (alendronate); MPR: medication possession ratio.
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Table 1. Clinicodemographic characteristics of the study population.

Total EIBP LIBP
Variables (n =524) (n = 262) (n = 262) p Value
Count % Count % Count %
Sex
Male 115 21.946 56 21.374 59 22.519
Female 409 78053 206 78626 203 77481 0722
Age (years)
<65 129 24.618 65 24.809 64 24.427
>65 395 75382 197 75191 198 75573 09D
CCI
0 327 62.405 163 62.214 164 62.595
123 23.473 61 23.282 62 23.664 0.968
>2 74 14.122 38 14.504 36 13.740
Covariates
Cerebrovascular disease 14 2.672 11 4.198 3 1.145 0.030
Chronic pulmonary disease 43 8.206 21 8.015 22 8.397 0.874
Rheumatologic disease 21 4.008 8 3.053 13 4.962 0.265
Peptic ulcer disease 20 3.817 10 3.817 10 3.817 1.000
Diabetes 104 19.847 51 19.466 53 20.229 0.827
Diabetes with chronic complications 26 4.962 13 4.962 13 4.962 1.000
Renal disease 13 2.481 6 2.290 7 2.672 0.779
Obesity 5 0.954 3 1.145 2 0.763 0.744
History of fragility fracture 42 8.015 22 8.396 20 7.633 0.615
Fragility fracture surgery site
Spine 38 7.252 19 7.252 19 7.252
Hip 224 42.748 112 42.748 112 42.748 1,000
Upper limb 188 35.878 94 35.878 94 35.878 ’
Lower limb 74 14.122 37 14.122 37 14.122
Concomitant
drug
Proton pump inhibitor 4 0.331 3 0.320 1 0.368 0.905
Steroid 30 2.481 19 2.028 11 4.044 0.059
Antiepileptic 4 0.331 3 0.320 1 0.368 0.905
Follow-up
time (mean 4314 4.2456 4.3824
years)

CCI, Charlson comorbidity index; EIBP, early initiation of bisphosphonates (within 3 months of surgery); LIBP, late initiation of bisphospho-
nates (3 months after surgery).

3. Results
3.1. Baseline Characteristics

A total of 130,406 patients underwent FF surgery during 2006-2010. Among them,
12,863 received antiosteoporotic medicine. We identified 1209 patients who were first-time
users of bisphosphonate (oral alendronate, 70 mg once a week) after FF surgery and who
had an MPR of >0.5. Of these patients, 937 were included in the EIBP group and 272
in the LIBP group. After propensity score matching, both groups contained 262 patients
(Table 1, Figure 1); these groups had similar sex distribution, CCIs, and medical history.
More patients in the EIBP group had cerebrovascular disease than in the LIBP group (4.20%
vs. 1.15%, p = 0.030).

Significant differences were observed in the incidence of second FF, second FF surgery,
and adverse events between the EIBP and LIBP groups (Table 2). A higher incidence
of second FF (32.44% vs. 19.08%, p = 0.0005) and second FF surgery (18.70% vs. 9.16%,
p = 0.0021) was observed in the LIBP group.
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Table 2. Incidence of second fragility fractures and surgeries, revision surgery, death, and complications.
EIBP LIBP .
Variables n=262) (n =262) Log-Rank Chi-
= = p Value Square p
Count % Incidence * Count % Incidence * Value
Site of second fragility fracture 50 19.084 5.173 85 32.443 9.693 0.0005 0.0005
Trunk <5 <5.000 <5 <5.000
Spine 8 16.000 22 25.882
Hip 22 44.000 31 36.471
Upper Limb 16 32.000 23 27.059
Lower Limb <5 <5.000 <5 <5.000
Site of second fracture surgery 24 9.160 2.323 49 18.702 4.943 0.0021 0.0016
Spine <5 <5 5 10.204
Hip 19 79.167 24 48.980
Upper Limb 4 16.667 14 28.571
Lower Limb <5 <5 5 10.204
Site of revision surgery 18 6.870 1.705 30 11.450 2.858 0.0789 0.0692
Spine <5 <5.000 <5 <10.000
Hip 15 83.333 11 36.667
Upper Limb <5 <15.000 14 46.667
Lower Limb <5 <5.000 <5 <5.000
Death 35 13.359 3.146 51 19.466 4.442 0.1351 0.0591
Complication
Respiratory failure 14 5.344 1.271 36 13.740 3.208 0.0025 0.0011
Pneumonia 81 30.916 8.577 93 35.496 9.974 0.3032 0.2657
Acute cardiac event 55 20.992 5.554 65 24.809 6.631 0.3111 0.2985
CVA a‘;gjlslrc;' nerve 69 26.336 7.211 67 25.573 6.948 0.8965 0.842
Renal failure 6 2.290 0.543 18 6.870 1.597 0.0174 0.0122
UGI bleeding 170 64.885 11.738 199 75.954 35.809 0.0361 0.0055
Acute postoperative 11 4198 0.989 12 4580 1.045 0.8927 0.8311
hemorrhage
Urinary tract 97 37.023 11.210 115 43.893 13.123 0.2457 0.1091
infection
Sepsis 32 12.214 2.989 38 14.504 3.445 0.6182 0.441
Osteomyelitis 1.908 0.454 13 4.962 1.170 0.0604 0.055
Postoperative 1.908 0.457 13 1962 1.182 0.059 0.055
Infection
Nonunion/malunion 6 2.290 0.549 12 4.580 1.094 0.1581 0.1501

* per 100 person-years. EIBP, early initiation of bisphosphonates (within 3 months of surgery); LIBP, late initiation of bisphospho-
nates (3 months after surgery); CCI, Charlson comorbidity index; CVA, cerebrovascular accident; SCI, spinal cord injury; UGI, upper

gastrointestinal.

A higher incidence of second FF surgery was detected in the LIBP group in patients
with complications of respiratory failure (13.7% vs. 5.344%, p = 0.0025), renal failure (6.87%
vs. 2.29%, p = 0.0174), and UGI bleeding (75.95% vs. 26.34%, p = 0.0361).

3.2. Second FF and Second FF Surgery

Multivariate subdistribution hazard regression analyses of factors associated with
second FF, revision surgery, and second FF surgery were conducted (Figure 2). The
findings indicated that the incidences of second FF (SHR = 0.509; 95% confidence in-
terval (95% CI): 0.352-0.735, p = 0.0003) and second FF surgery (SHR = 0.452; 95% CI:
0.268-0.763, p = 0.0029) were significantly lower in the EIBP group than in the LIBP group
(Figures 2 and 3). Patients aged <65 years (SHR = 1.632; 95% CI: 1.044-2.549, p = 0.0315),
who had cerebrovascular disease (SHR = 3.182; 95% CI: 1.174-8.626, p = 0.0229), and who
had renal disease (SHR = 5.259; 95% CI: 1.370-20.186, p = 0.0156) had significantly higher
incidence of second FF. No significant difference was observed in any factor for incidence
of revision surgery between the EIBP and LIBP groups (Figure 4).
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Second Fragility Fractures

Second Fragility Fracture Surgeries

Revision Surgery

Multivariate* Multivariate* Multivariate*
Variables
SHR (95% CI1) SHR 95% CI p-value SHR (95% CI) SHR 95% CI p-value SHR (95% CI) SHR 95% CI p-value
BP <3m (ref. BP>3m) L 0.509 (0.352-0.735) 0.0003 L 0452 (0.268-0.763) 0.0029 8] 0.599  (0.330-1.084) 0.0904
Sex (ref. Female) -« 0.846 (0.546-1.310) 0.4529 E: 0982  (0.528-1.826) 0.9541 i 0.903  (0.429-1.901) 0.7887
Fragility fracture surgery site(ref.Hip)
Spine = 1.339 (0.679-2.643) 0.3997 S 0.798  (0.261-2.436) 0.6920 S== 0.700  (0.194-2.523) 0.5857
Upper Limb o 1330 (0.903-1.958) 0.1494 re— 1465  (0.867-2.476) 0.1537 o 0735 (0.383-1.411) 0.3548
Lower Limb -+ 0.938 (0.508-1.732) 0.8368 . 0.707  (0.290-1.723) 0.4457 & 0341  (0.100-1.161) 0.0853
Age (ref. <65) (= 1.632 (1.044-2.549) 0.0315 (= 1434 (0.811-2.534) 02151 =p= 1144 (0.603-2.172) 0.6800
CCI (ref. 0)
B = 1165 (0.562-2.415) 0.6814 - 0.788  (0.269-2.310) 0.6644 s 0.837  (0.223-3.141) 0.7924
>y e 0400  (0.117-1.371) 0.1447 - 0420 (0.074-2.381) 03271 o 0.544  (0.059-5.028) 0.5916
Covariates (ref. No)
Cerebrovascular discase — ] 3.182 (1.174-8.626) 0.0229 1T—® 22815 (0.619-12.802) 0.1805 ——®———> 2614 (0.406-16.845) 03121
Chronic pulmonary disease e 0.813 (0.326-2.028) 0.6567 > 1.665  (0.540-5.134) 0.3749 — 1574 (0.352-7.044) 0.5530
Rheumatologic discase I 1.104 (0.425-2.871) 0.8392 T0— 1.905  (0.521-6.959) 0.3296 A ————————>2886 (0.687-12.124) 0.1478
Peptic ulcer disease O A 1.203 (0.336-4.315) 0.7764 —y— 0.849  (0.157-4.599) 0.8489 e 1440 (0.216-9.613) 0.7065
Diabetes +o— 1.456 (0.680-3.116) 0.3330 1T 2402 (0.822-7.014) 0.1091 - 1254 (0.335-4.695) 0.7372
Renal disease —_—e > 5259 (1.370-20.186) 0.0156 —|&———————>1958 (0.367-10.454) 04317 ——e >2.075 (0.305-14.139) 0.4559

0123456782910

012345678910

0123456782910

*Adjust: BP time, Sex, CCl, Cerebrovascular disease, Chronic pulmonary disease, Rheumatologic disease, Peptic ulcer disease, Diabetes, Renal disease

Figure 2. Risk factors and adjusted hazard ratio of fragility fractures stratified by bisphosphonate initiation time, sex, age,

Charlson comorbidity index, and comorbidities, by using a proportional subdistribution hazards model. BP: bisphosphonate

initiation; CCI: Charlson comorbidity index; CI: confidence interval.
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Figure 3. Cumulative incidence of (A) second fragility fracture, (B) second fragility fracture surgery, and (C) revision surgery

in patients with bisphosphonate initiation within 3 months after fragility fracture surgery versus more than 3 months after

fragility fracture surgery.



J. Clin. Med. 2021, 10, 2541

7of 11
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Figure 4. Forest plot of (A) second fragility fracture, (B) second fragility fracture surgery, and
(C) revision surgery in patients with bisphosphonate initiation within 3 months after fragility fracture
surgery versus more than 3 months after fragility fracture surgery for different fragility fracture
types and age groups. SHR, subdistribution hazard ratio; CI, confidence interval; Upper, upper limb;
Lower, lower limb.

3.3. Adverse Events after FFs

After initial FF surgery, the incidence of adverse events (Figure 4)—respiratory fail-
ure (SHR = 0.363; 95% CI: 0.189-0.697, p = 0.0024), renal failure (SHR = 0.346; 95% CI:
0.134-0.894, p = 0.0284), UGI bleeding (SHR = 0.76; 95% CI: 0.618-0.935, p = 0.0095), and
overall complications (SHR = 0.7280; 95% CI: 0.5940-0.8930, p = 0.0023)—was lower in the
EIBP group than in the LIBP group. The incidence of respiratory failure (SHR = 0.316; 95%
CI: 0.174-0.572, p = 0.0001) and renal failure (SHR = 0.354; 95% CI: 0.140-0.895, p = 0.0282)
was higher in women, but that of UGI bleeding (SHR = 1.508; 95% CI: 1.137-2.000, p = 0.004)
and overall complications (SHR = 1.380; 95% CI: 1.051-1.810, p = 0.020) was higher in men.

A lower incidence of respiratory failure was noted in patients with upper limb FF
surgery (SHR = 0.421; 95% CI: 0.196-0.904, p = 0.0024) and UGI bleeding (SHR = 0.79; 95%
CI: 0.625-0.998, p = 0.0479), and a higher incidence in patients aged > 65 years (SHR = 7.281;
95% CI: 2.029-26.12, p = 0.0023). Peptic ulcer was associated with a higher incidence of
complications (SHR = 1.85; 95% CI: 1.131-3.023, p = 0.0143).

4. Discussion

Osteoporosis is a common skeletal disorder and is associated with osteoporotic frac-
tures, which lead to a considerable rise in the likelihood of morbidity and mortality as
well as increased health care costs. Osteoporosis treatment can increase bone strength
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and decrease fracture risk. One of the drugs most commonly used to treat osteoporosis is
bisphosphonate [19], especially alendronate due to its cost effectiveness and support from
well-established evidence. Denosumab was popular, but it can cause rebound osteoporosis
and increased risk of spine fracture after discontinuation, which has led to a decrease in
use [20]. Therefore, recent studies have proposed a re-evaluation of bisphosphonate use.
The most appropriate timing of bisphosphonate initiation remains debatable. Our data
indicated that early initiation of oral alendronate was associated with lower incidence of
second FF, second FF surgery, and adverse events than late initiation.

Several randomized clinical trials have investigated the effects of the early postopera-
tive use of bisphosphonates (<3 months) on FFs. Eriksen et al. suggested bisphosphonate
initiation (zoledronic acid) 2-12 weeks after surgery to decrease the incidence of clinical
vertebral fracture, nonvertebral hip fracture, and mortality [21]. Lyles et al. found similar
results when zoledronic acid was initiated within 90 days of hip fracture surgery [22].
Uchiyama et al. stated that early administration of alendronate did not delay fracture
healing and decreased bone turnover [23]. A meta-analysis conducted by Li et al. included
253 individuals from four randomized clinical trials (RCTs) with measurements of healing
time and 2365 participants from six RCTs with measurements of delayed or nonunion rates
of fracture healing. The meta-analysis thus included 10 studies with 2888 patients. Four
of the trials used alendronate, three used zoledronic, two used risedronate, and one used
etidronate. No significant difference was observed in radiological fracture healing time
between the bisphosphonate therapy group and control group (mean difference = 0.47,
95% CI: —2.75 to 3.69). In previous studies, early bisphosphonate administration resulted
in higher bone mineral density (BMD). HORIZON recurrent fracture trials revealed that
patients receiving bisphosphonate 6 weeks to 3 months after hip fracture had higher total
hip and femoral neck BMD at 12 months than those receiving a bisphosphonate before
6 weeks [21]. This may be because bisphosphonates do not directly affect cells involved in
the inflammatory phase (i.e., osteoblasts) or the formation of soft and hard callus; instead,
bisphosphonates interrupt the remodeling of hard callus. Consequently, bisphosphonate
initiation within 3 months after surgical treatment of FFs may be more effective timing for
preventing second FFs and second FF surgeries.

Our cohort had lower incidence of respiratory failure, UGI bleeding, renal failure, and
other complications. This may have been due to the faster bone integration or stabilization
of implants, allowing early ambulation and preventing respiratory failure due to aspiration
pneumonia.

Alendronate use has been demonstrated to decrease the risk of cardiovascular events.
Sing et al. observed significantly lower risk of 1-year cardiovascular mortality (SHR
0.33; 95% CI: 0.17-0.65) and incident myocardial infarction (SHR 0.55; 95% CI: 0.34-0.89)
following hip fracture [24]. This is due to nitrogen-containing bisphosphonates targeting
the mevalonate pathway, specifically farnesyl pyrophosphate synthase, which has the
same pathway as statins [25]. Alishiri et al. concluded that in patients with aortic stenosis
and concurrent osteoporosis, alendronate treatment retarded stenosis progression and
improved the outcome [26].

The lower risk of UGI bleeding may be related to the indication of bisphosphonate.
Therefore, physicians should be cautious about using ulcer-inducing agents in patients with
EIBP. Alendronate causes oxidative gastric damage by increasing myeloperoxidase activity
and lipid peroxidation, which cause the formation of gastric ulcers and impair gastric ulcer
healing [27]. In a population-based study, Peng et al. concluded that alendronate was a
risk factor for UGI bleeding (SHR = 1.32; 95% CI: 1.02-1.71) [28]. This was inconsistent
with our results, likely because EIBP may exacerbate certain symptoms in patients and is
therefore usually avoided.

Bisphosphonate is contraindicated in patients with renal insufficiency because of the
risk of renal function deterioration [29]. In our cohort, the risk of renal failure was lower in
the EIBP group likely due to the avoidance of other medications causing renal toxicity due
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to shorter hospital stay. Moreover, improvement of function leads to lower nonsteroidal
anti-inflammatory drug use, which may be another explanation for the finding.

Patients with EIBP have earlier physician attention and therefore have more awareness
of their general condition because of programs such as the fracture liaison service (FLS). The
FLS has improved the quality of care in patients with fracture and helped prevent secondary
fractures [30]. This may be another reason for the fewer complications in the EIBP group.
In a nationwide cohort study, Wang et al. reported that early initiation (15-84 days) of
antiosteoporosis medicine reduced the risk of fracture-related hospitalization [31]. These
findings also indicate the importance of the FLS in identifying patients suitable for ELBP.

The strengths of this study include the completeness of patient follow-up and high
accuracy of coding in the national health database [32]. The study had some limitations.
First, the NHI claims database lacks information on the Fracture Risk Assessment Tool
score, BMD, smoking, compliance, vitamin D deficiency, and bone turnover markers.
Second, we included only patients who received first-time alendronate. Third, we could
not differentiate the causes of fractures, which may also have included atypical fractures.
The incidence of atypical femoral fractures was found to be between 0.3 and 85.9 per
100,000 person-years [33,34]. Short- or long-term alendronate use is not significantly
associated with higher risk of atypical femoral fractures [35]. Therefore, the low frequency
of atypical fractures probably did not affect the study outcomes. Finally, we could only
evaluate the associations of early and late bisphosphonate use with adverse events and
could not follow up on the intergroup difference in perioperative complications that
would have been attributable to bisphosphonate initiation. Prospective studies should be
conducted to analyze this.

5. Conclusions

Bisphosphonate initiation within 3 months of FF surgery is associated with lower
incidence of second FF, second fracture surgery, and adverse events and should therefore
be considered over late initiation in these patients.

Author Contributions: Conceptualization: M.-HW.,, Y.-SL., CW,, C.-Y.L, Y-C.C,, T-].H. and J.-5.C.
Interpretation of the results: M.-HW.,, Y.-S.L.,, CW.,, C.-Y.L,, Y.-C.C,, T.-].H. and ].-S.C. Formal analysis:
Y.-C.C. and ].-5.C. Writing—draft preparation: M.-H.W. and C.W. Writing—review and editing:
M.-HW, Y.-SL.,, CW, C-YL, Y.-C.C, T.-].H. and J.-S.C. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by Research Services Center For Health Information, Chang
Gung University, Taoyuan, Taiwan (J.-5.C. and Y.-S.L., CIRPD1D0031).

Institutional Review Board Statement: The study was approved by the Institutional Review Board
of Chang Gung Memorial Hospital of Taiwan (104-3677B) and conducted in accordance with the
Declaration of Helsinki.

Informed Consent Statement: The Institutional Review Board waived the requirement to obtain
informed consent.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors wish to thank Meng-Ling Tsai for assistance in the preparation of
related documents. This manuscript was edited by Hannah Fox and Sudeep Agarwal.

Conflicts of Interest: The authors declare no conflict of interest.

1. Tsoumpra, M.K.; Muniz, ].R.; Barnett, B.L.; Kwaasi, A.A ; Pilka, E.S.; Kavanagh, K.L.; Evdokimov, A.; Walter, R.L.; Von Dellft,
F.; Ebetino, FH.; et al. The inhibition of human farnesyl pyrophosphate synthase by nitrogen-containing bisphosphonates.
Elucidating the role of active site threonine 201 and tyrosine 204 residues using enzyme mutants. Bone 2015, 81, 478-486.

[CrossRef]


http://doi.org/10.1016/j.bone.2015.08.020

J. Clin. Med. 2021, 10, 2541 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Cao, Y.; Mori, S.; Mashiba, T.; Westmore, M.S.; Ma, L.; Sato, M.; Akiyama, T.; Shi, L.; Komatsubara, S.; Miyamoto, K.; et al.
Raloxifene, estrogen, and alendronate affect the processes of fracture repair differently in ovariectomized rats. J. Bone Miner. Res.
2002, 17, 2237-2246. [CrossRef] [PubMed]

Odvina, C.V.; Zerwekh, J.E.; Rao, D.S.; Maalouf, N.; Gottschalk, F.A.; Pak, C.Y. Severely suppressed bone turnover: A potential
complication of alendronate therapy. J. Clin. Endocrinol. Metab. 2005, 90, 1294-1301. [CrossRef]

Bauss, E; Schenk, R.K.; Hort, S.; Muller-Beckmann, B.; Sponer, G. New model for simulation of fracture repair in full-grown
beagle dogs: Model characterization and results from a long-term study with ibandronate. J. Pharmacol. Toxicol. Methods 2004, 50,
25-34. [CrossRef] [PubMed]

Munns, C.E; Rauch, F; Zeitlin, L.; Fassier, F.; Glorieux, FH. Delayed osteotomy but not fracture healing in pediatric osteogenesis
imperfecta patients receiving pamidronate. J. Bone Miner. Res. 2004, 19, 1779-1786. [CrossRef] [PubMed]

Matos, M.A.; Tannuri, U.; Guarniero, R. The effect of zoledronate during bone healing. J. Orthop. Traumatol. 2010, 11, 7-12.
[CrossRef]

Li, J.; Mori, S.; Kaji, Y.; Mashiba, T.; Kawanishi, J.; Norimatsu, H. Effect of bisphosphonate (incadronate) on fracture healing of
long bones in rats. ]. Bone Miner. Res. 1999, 14, 969-979. [CrossRef]

Li, C.; Mori, S.; Li, J.; Kaji, Y.; Akiyama, T.; Kawanishi, J.; Norimatsu, H. Long-term effect of incadronate disodium (YM-175) on
fracture healing of femoral shaft in growing rats. J. Bone Miner. Res. 2001, 16, 429-436. [CrossRef]

Greiner, S.H.; Wildemann, B.; Back, D.A.; Alidoust, M.; Schwabe, P.; Haas, N.P.; Schmidmaier, G. Local application of zoledronic
acid incorporated in a poly(D,L-lactide)-coated implant accelerates fracture healing in rats. Acta Orthop. 2008, 79, 717-725.
[CrossRef]

Rozental, T.D.; Vazquez, M.A.; Chacko, A.T.; Ayogu, N.; Bouxsein, M.L. Comparison of radiographic fracture healing in the distal
radius for patients on and off bisphosphonate therapy. . Hand Surg. Am. 2009, 34, 595-602. [CrossRef]

Amanat, N.; Brown, R,; Bilston, L.E.; Little, D.G. A single systemic dose of pamidronate improves bone mineral content and
accelerates restoration of strength in a rat model of fracture repair. J. Orthop. Res. 2005, 23, 1029-1034. [CrossRef]

Little, D.G.; McDonald, M.; Bransford, R.; Godfrey, C.B.; Amanat, N. Manipulation of the anabolic and catabolic responses with
OP-1 and zoledronic acid in a rat critical defect model. J. Bone Miner. Res. 2005, 20, 2044-2052. [CrossRef]

Bransford, R.; Goergens, E.; Briody, ].; Amanat, N.; Cree, A.; Little, D. Effect of zoledronic acid in an L6-L7 rabbit spine fusion
model. Eur. Spine J. 2007, 16, 557-562. [CrossRef]

Li, C,; Wang, H.R.; Li, X.L.; Zhou, X.G.; Dong, J. The relation between zoledronic acid infusion and interbody fusion in patients
undergoing transforaminal lumbar interbody fusion surgery. Acta Neurochir. 2012, 154, 731-738. [CrossRef]

Kim, TY;; Ha, Y.C.; Kang, B.J.; Lee, Y.K.; Koo, K.H. Does early administration of bisphosphonate affect fracture healing in patients
with intertrochanteric fractures? J. Bone Jt. Surg. Br. 2012, 94, 956-960. [CrossRef]

Gong, H.S.; Song, C.H.; Lee, Y.H.; Rhee, S.H.; Lee, H.].; Baek, G.H. Early initiation of bisphosphonate does not affect healing and
outcomes of volar plate fixation of osteoporotic distal radial fractures. J. Bone Jt. Surg. Am. 2012, 94, 1729-1736. [CrossRef]
Gray, R. A class of k-sample tests for comparing the cumulative incidence of a competing risk. Ann. Stat. 1998, 1998, 1141-1154.
[CrossRef]

Fine, ].P; Gray, R.J. A proportional hazards model for the subdistribution of a competing risk. J. Am. Stat. Assoc. 1999, 94, 496-509.
[CrossRef]

Lewiecki, E.M. Bisphosphonates for the treatment of osteoporosis: Insights for clinicians. Ther. Adv. Chronic. Dis. 2010, 1, 115-128.
[CrossRef] [PubMed]

Anastasilakis, A.D.; Polyzos, S.A.; Makras, P.; Aubry-Rozier, B.; Kaouri, S.; Lamy, O. Clinical Features of 24 Patients With
Rebound-Associated Vertebral Fractures After Denosumab Discontinuation: Systematic Review and Additional Cases. . Bone
Miner. Res. 2017, 32, 1291-1296. [CrossRef] [PubMed]

Eriksen, E.E,; Lyles, KW.; Colén-Emeric, C.S.; Pieper, C.F.,; Magaziner, ].S.; Adachi, ].D.; Hyldstrup, L.; Recknor, C.; Nordsletten,
L.; Lavecchia, C.; et al. Antifracture efficacy and reduction of mortality in relation to timing of the first dose of zoledronic acid
after hip fracture. J. Bone Miner. Res. 2009, 24, 1308-1313. [CrossRef]

Lyles, KW.; Colon-Emeric, C.S.; Magaziner, ].S.; Adachi, ].D.; Pieper, C.F.; Mautalen, C.; Hyldstrup, L.; Recknor, C.; Nordsletten,
L.; Moore, K.A,; et al. Zoledronic acid and clinical fractures and mortality after hip fracture. N. Engl. ]. Med. 2007, 357, 1799-1809.
[CrossRef] [PubMed]

Uchiyama, S.; Itsubo, T.; Nakamura, K.; Fujinaga, Y.; Sato, N.; Imaeda, T.; Kadoya, M.; Kato, H. Effect of early administration of
alendronate after surgery for distal radial fragility fracture on radiological fracture healing time. Bone Jt. ]. 2013, 95, 1544-1550.
[CrossRef]

Sing, C.-W.; Wong, A.Y,; Kiel, D.P,; Cheung, E.Y,; Lam, ] K.; Cheung, T.T.; Chan, EW.; Kung, A.W.; Wong, I.C.; Cheung, C.-L.
Association of Alendronate and Risk of Cardiovascular Events in Patients with Hip Fracture. |. Bone Miner. Res. 2018, 33,
1422-1434. [CrossRef]

Guney, E; Kisakol, G.; Ozgen, A.G.; Yilmaz, C.; Kabalak, T. Effects of bisphosphonates on lipid metabolism. Neuroendocrinol. Lett.
2008, 29, 252-255.

Alishiri, G.; Heshmat-Ghahdarijani, K.; Hashemi, M.; Zavar, R.; Farahani, M.M. Alendronate slows down aortic stenosis
progression in osteoporotic patients: An observational prospective study. J. Res. Med. Sci. 2020, 25, 65. [CrossRef]


http://doi.org/10.1359/jbmr.2002.17.12.2237
http://www.ncbi.nlm.nih.gov/pubmed/12469918
http://doi.org/10.1210/jc.2004-0952
http://doi.org/10.1016/j.vascn.2003.11.003
http://www.ncbi.nlm.nih.gov/pubmed/15233964
http://doi.org/10.1359/JBMR.040814
http://www.ncbi.nlm.nih.gov/pubmed/15476577
http://doi.org/10.1007/s10195-010-0083-1
http://doi.org/10.1359/jbmr.1999.14.6.969
http://doi.org/10.1359/jbmr.2001.16.3.429
http://doi.org/10.1080/17453670810016768
http://doi.org/10.1016/j.jhsa.2008.12.011
http://doi.org/10.1016/j.orthres.2005.03.004
http://doi.org/10.1359/JBMR.050712
http://doi.org/10.1007/s00586-006-0212-y
http://doi.org/10.1007/s00701-012-1283-7
http://doi.org/10.1302/0301-620X.94B7.29079
http://doi.org/10.2106/JBJS.K.01434
http://doi.org/10.1214/aos/1176350951
http://doi.org/10.1080/01621459.1999.10474144
http://doi.org/10.1177/2040622310374783
http://www.ncbi.nlm.nih.gov/pubmed/23251734
http://doi.org/10.1002/jbmr.3110
http://www.ncbi.nlm.nih.gov/pubmed/28240371
http://doi.org/10.1359/jbmr.090209
http://doi.org/10.1056/NEJMoa074941
http://www.ncbi.nlm.nih.gov/pubmed/17878149
http://doi.org/10.1302/0301-620X.95B11.31652
http://doi.org/10.1002/jbmr.3448
http://doi.org/10.4103/jrms.JRMS_408_20

J. Clin. Med. 2021, 10, 2541 11 of 11

27.

28.

29.

30.

31.

32.

33.

34.

35.

Takeuchi, K.; Kato, S.; Amagase, K. Gastric ulcerogenic and healing impairment actions of alendronate, a nitrogen-containing
bisphosphonate—Prophylactic effects of rebamipide. Curr. Pharm. Des. 2011, 17, 1602-1611. [CrossRef]

Peng, Y.L.; Hu, H.Y,; Luo, J.C.; Hou, M.C;; Lin, H.C.; Lee, EY. Alendronate, a bisphosphonate, increased upper and lower
gastrointestinal bleeding: Risk factor analysis from a nationwide population-based study. Osteoporos. Int. 2014, 25, 1617-1623.
[CrossRef]

Miller, P.D.; Jamal, S.A.; Evenepoel, P; Eastell, R.; Boonen, S. Renal safety in patients treated with bisphosphonates for osteoporosis:
A review. J. Bone Miner. Res. 2013, 28, 2049-2059. [CrossRef] [PubMed]

Chang, L.-Y;; Tsai, K.-S.; Peng, J.-K.; Chen, C.-H.; Lin, G.-T,; Lin, C.-H.; Tu, S.-T.; Mao, I.-C.; Gau, Y.-L.; Liu, H.-C.; et al. The
development of Taiwan Fracture Liaison Service network. Osteoporos. Sarcopenia 2018, 4, 47-52. [CrossRef]

Wang, C.Y,; Fu, S.H.; Yang, R.S.; Chen, L.K,; Shen, L.J.; Hsiao, F.Y. Timing of anti-osteoporosis medications initiation after a hip
fracture affects the risk of subsequent fracture: A nationwide cohort study. Bone 2020, 138, 115452. [CrossRef] [PubMed]

Lu, T.-H.; Lee, M.-C.; Chou, M.-C. Accuracy of cause-of-death coding in Taiwan: Types of miscoding and effects on mortality
statistics. Int. J. Epidemiol. 2000, 29, 336-343. [CrossRef] [PubMed]

Saita, Y.; Ishijima, M.; Mogami, A.; Kubota, M.; Baba, T.; Kaketa, T.; Nagao, M.; Sakamoto, Y.; Sakai, K.; Homma, Y.; et al. The
incidence of and risk factors for developing atypical femoral fractures in Japan. J. Bone Miner. Metab. 2015, 33, 311-318. [CrossRef]
Lee, YK,; Ahn, S.; Kim, K.M.; Suh, C.S.; Koo, K.-H. Incidence Rate of Atypical Femoral Fracture after Bisphosphonates Treatment
in Korea. J. Korean Med. Sci. 2018, 33, €38. [CrossRef] [PubMed]

Hsiao, E-Y.; Huang, W.-F.; Chen, Y.-M.; Wen, Y.-W.; Kao, Y.-H.; Chen, L.-K ; Tsai, Y.-W. Hip and subtrochanteric or diaphyseal
femoral fractures in alendronate users: A 10-year, nationwide retrospective cohort study in Taiwanese women. Clin. Ther. 2011,
33, 1659-1667. [CrossRef]


http://doi.org/10.2174/138161211796196927
http://doi.org/10.1007/s00198-014-2647-z
http://doi.org/10.1002/jbmr.2058
http://www.ncbi.nlm.nih.gov/pubmed/23907861
http://doi.org/10.1016/j.afos.2018.06.001
http://doi.org/10.1016/j.bone.2020.115452
http://www.ncbi.nlm.nih.gov/pubmed/32464276
http://doi.org/10.1093/ije/29.2.336
http://www.ncbi.nlm.nih.gov/pubmed/10817134
http://doi.org/10.1007/s00774-014-0591-9
http://doi.org/10.3346/jkms.2018.33.e38
http://www.ncbi.nlm.nih.gov/pubmed/29349947
http://doi.org/10.1016/j.clinthera.2011.09.006

	Introduction 
	Materials and Methods 
	Data Sources and Study Samples 
	Confounders and Bias 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Second FF and Second FF Surgery 
	Adverse Events after FFs 

	Discussion 
	Conclusions 
	References

