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Summary. We analyzed the data about the preferences of medication and incidence of fractures between osteoporosis patients from
2012 to 2016. Our results suggested that the number of patients treated with intravenous and subcutaneous injections increased and the
incidence of fracture was lower in intravenous and subcutaneous injections than oral medications.Objective.'is study focused on the
trends in antiosteoporosis drug preferences and compared the incidence of fractures between patients treated orally and those who
were exposed to an awareness campaign and assigned to intravenous/subcutaneous treatment.Methods. Our hospital registry included
1,716 osteoporotic women who were over 65 years of age without preexisting vertebral and nonvertebral fractures over 1 year before
this study, with bone mineral density (BMD)<−2.5 standard deviation (SD) and fracture assessment tool (FRAX) score> 20%, who
were given 1,337 oral and 379 intravenous/subcutaneous prescriptions to treat their osteoporosis. Self-administered surveys (2012,
2013, 2014, 2015, and 2016) collected data on trends of preferences among nine drugs and fracture prevention using relative risk
reduction (RRR).Results.'e number of patients taking oral prescriptions decreased gradually from 2012 to 2016, while the number of
patients treated with intravenous and subcutaneous injections increased. 'e incidence of fracture was lower in patients receiving
intravenous and subcutaneous injections than in patients taking oral medications. Conclusion. 'ese findings indicate a decrease in
oral prescriptions for osteoporosis treatment and that treatment for osteoporosis using intravenous or subcutaneous injections of
antiosteoporosis drugs is more effective for preventing fractures.

1. Introduction

Osteoporosis has been recognized as a major disease of older
adults, especially women who often suffer from fractures due
to fragility [1]. Recently, many kinds of antiosteoporosis
drugs have been developed to improve bone fragility
through antibone resorptive (e.g., bisphosphonate) or bone
anabolic effects (e.g., teriparatide), and bisphosphonates
appear to be used as the first choice for treating osteoporosis,
including the treatment of vertebral fractures, in Japanese
Centers. Despite the recognized efficacy of bisphosphonates,
teriparatide, and other antiosteoporosis drugs with respect
to BMD, there are few reports of the preferences of oste-
oporotic patients [2–4] and comparisons of fracture

prevention among these drugs, [5–12] especially in Japan.
'is study focused on the trends in preferences for anti-
osteoporosis drugs and compared the incidence of fractures
between patients treated orally and those treated with in-
travenous/subcutaneous drugs.

2. Methods

2.1. Study Design. A retrospective cohort of patients treated
as outpatients for osteoporosis and fractures between 2012
and 2016 at Igarashi Memorial Hospital was examined.
Patients for the cohort were selected based on the standard
for the diagnosis of osteoporosis: both T score of
BMD<−2.5 SD and FRAX in MOF> 20%. DXA was
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performed by using the DTX-200, Datex DSM, Courtaboeuf
Cedex, France. A total of 1716 patients were provided
awareness program that, based on their preferences from
either oral prescription or intravenous/subcutaneous ad-
ministration after the usage of these several kinds of anti-
osteoporotic drugs, including their risks, benefits, and costs
associated with treatments which were paid by insurance,
was explained. Patients were excluded if they were cogni-
tively impaired, had other illness, had previous treatment of
osteoporosis, or had a previous fracture within 1 year. 'e
antiosteoporosis drugs prescribed in this trial were
alendronate (oral: n� 673, intravenous: n� 42), risedronate
(oral: n� 128), minodronate (oral: n� 465), ibandronate
(intravenous: n� 129), selective estrogen modulator (oral:
n� 71), teriparatide (subcutaneous, daily: n� 118, weekly:
n� 57), and denosumab (subcutaneous: n� 33).'e patients
were divided into two groups according to the route of drug
administration: an oral group and intravenous or subcu-
taneous (IV/SC) group. Moreover, the IV/SC group was
classified into two groups: IV bisphosphonate (alendronate
and ibandronate) and the anabolic group (teriparatide and
denosumab). All eligible patients were over 65 years of age,
and the average of the follow-up period for this trial was
around 2 years. For the surveillance study, subjects were
asked to identify fractures they had experienced during this
treatment for any of the specified locations: the clavicle,
upper arm, wrist, spine, rib, hip, pelvis, upper leg, and lower
leg. 'is study was conducted according to the Helsinki
Declaration, and the medical ethics committee of Akita
University Graduate School of Medicine approved this study
(approval number: 1970).

2.2. Data Extraction and Study Selection. Information, in-
cluding patient numbers, sample size, past history of
medication, clinical setting, and duration of the follow-up
period, was extracted. Dichotomous data were used for
reporting the number of patients in each treatment group,
adherence to treatment, and the fracture rate. For fracture
evaluation, magnetic resonance imaging and the Genant
method, especially for vertebral fractures, were used. 'e
fracture rate was the incidence of new nonvertebral fractures
based on radiological findings [13]. 'e fracture rate was
reported as relative risk reduction (RRR) with a 95% con-
fidence interval (CI) for direct comparisons.

2.3. Data Synthesis and Analysis. Data for age, BMD of the
forearm, FRAX, previous history of treatment for osteo-
porosis, adherence to treatment, and fracture rate were
evaluated. Information on demographic characteristics of
the subjects, osteoporotic condition, and outcomes of
fractures was extracted from each clinical report and tab-
ulated in Microsoft Excel spreadsheets. For each of the
dependent variables, several explanatory variables including
duration of treatment, number of patients, age, sex, age,
body mass index (BMI), and previous history of medications
were examined. Statistical analysis was performed using
Microsoft Office Excel and the Statcel 3 program (OMS, Inc.,
Hyogo, Japan). Each subject was analyzed by the unpaired t-

test to compare differences between the two groups, except
for the incidence of fractures. 'e chi-squared test was used
to evaluate the significance of differences in FRAX. All
results of statistical tests were regarded as significant with
p< 0.05.'e incidence of fracture was calculated by the RRR
with a 2-way contingency table analysis (Center for Evi-
dence-Based Medicine: http://www.grade-jpn.com/2x2.
html). 'e RRR was based on the comparison with oral
alendronate, which was the most prescribed drug (n� 672).

3. Results

3.1. Number of Participants. 'e accumulated number of
patients was 1337 on oral prescriptions and 379 in the IV/SC
group. 'e IV/SC group had significantly older age, higher
FRAX score, and a significantly lower incidence of fracture
than the oral group. 'ere were no significant differences
between the groups in BMI, BMD, and past history of
medications (Table 1). 'e number of patients taking oral
prescriptions decreased gradually, and the number of pa-
tients receiving intravenous or subcutaneous drugs in-
creased with time (Figure 1). In the oral group, alendronate
users were markedly decreasing, but risedronate and SERM
users increased gradually. In the IV/SC group, there was a
dramatic increase in the number of ibandronate users,
whereas other groups showed little change, except for
denosumab and weekly teriparatide (Table 2).

'e IV/SC group showed a higher rate of adherence to
treatment than the oral group (Table 3).

3.2. Change of BoneTurnoverMarkers. Both bone resorption
and bone formation markers also showed almost same re-
sults which have already been reported by Japanese clinical
trial phase 3 in every IV/SC and oral groups. 'ese results
imply that all medications were effective during this treat-
ment period on the basis of restriction of bone turnover
marker and anabolic window (Figures 2–5).

3.3. Adverse Events. 'e number of incidence of adverse
events in each drug is shown in Table 4. 'e ratio of fre-
quency of them was similar as it has already been reported in
a phase 3 trial. Weekly teriparatide has a tendency for high
ratio.

Incidence of fracture (number of new vertebral or
nonvertebral fractures).

'e oral group had a significantly higher incidence of
fracture than the IV/SC group, which had a high RRR, and
the anabolic group appeared to prevent fractures the most in
patients with osteoporosis (Table 5).

A comparison of the fracture rate between the IV/SC
group and the major oral drug (alendronate, n� 672)
showed that teriparatide and denosumab had the strongest
fracture prevention effect (Table 6).

4. Discussion

'e number of oral medications has been decreasing in
tandem with the increase in the number of intravenous and
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subcutaneous medications for osteoporosis in the USA [2],
like the phenomenon in our hospital. 'is phenomenon is
similar to that in other countries such as France and

Germany with low adherence rates to antiosteoporosis
treatment [14, 15], and it may also stem from the drug
holidays of bisphosphonates [16]. Barcenilla-Wong [3]

Table 1: Baseline variables by group.

Oral group IV/SC group p value
Number 1487(150) 457(78)
Age (y) 79.3± 7.9 81.2± 6.4 0.200a

BMI (kg/m2) 25± 4.0 24.1± 3.6 0.201a

BMD: femur (g/cm2) 0.464± 0.035 0.491± 0.052 0.538a

BMD: lumbar spine (g/cm2) 0.585± 0.042 0.552± 0.028 0.052a

FRAX 20.6 25.9 0.158b

Previous history of treatment 150 78 0.052
Alendronate 20 11
Risedronate 30 13
Minodronate 18 8
SERM 46 22
Vit D 32 17
Ca supplement 4 7
aStudent’s t-test, bχ2 test, ( ): number of previous history of treatment.
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Figure 1: Chronological changes in the number of osteoporosis patients treated by oral or intravenous/subcutaneous drugs.

Table 2: Chronological changes in the numbers for osteoporosis treatment: oral prescriptions and intravenous or subcutaneous
prescriptions.

Alendronate Risedronate Minodronate SERM
2012 208 19 100 8
2013 145 21 105 14
2014 140 25 105 17
2015 107 33 80 16
2016 72 30 75 16

Teriparatide (daily) Teriparatide (weekly) Alendronate (monthly) Ibandronate (monthly) Denosumab (biannually)
2012 22 7 1 0 0
2013 27 5 12 13 0
2014 22 10 11 18 1
2015 31 16 10 31 7
2016 26 24 10 88 28
Adherence to treatment (percentage staying on medication without discontinuation).
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implied that cost performance and attention to the treatment
of osteoporosis among the patient’s characteristics were
related to this background, and Hilligsman et al. [4] men-
tioned that osteoporotic patients prefer monthly oral pre-
scriptions or biannual injections, which means an interval
protocol. As is the case in our hospital, the trend reflects
Wysconski’s and Greene report that osteoporotic patients

switched from oral to intravenous, although there might be
some bias due to the awareness program [2]. In addition, the
present patients maintained high adherence to treatment,
especially in the IV/SC group, which may have been due to
the awareness program. Paramedical staff who were mainly
nurse may have contributed to these results by giving
guidance on how to use the drugs repeatedly. To provide
different routes of treatment and better adherence rate, we
should focus on the establishment of osteoporosis liaison
service, that is, the system of integration of many para-
medical staff such as nurse, radiologic technologist, physical
therapist, public health nurse, and many assistants, and try
to prevent osteoporotic fragile fracture by linking and
sharing their information to each other.

Table 3: Comparisons of adherence to treatment (%): Student’s t-test.

Oral group IV/SC group p value
2012 75 100 0.036
2013 80 93 0.044
2014 78 90 0.045
2015 80 88 0.048
2016 83 98 0.041
IV/SC: intravenous/subcutaneous.

Baseline 6 months 12 months 18 months 24 months
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: Ibandronate (monthly)
: Denosumab (biannually)

Figure 2: Change of TRACP-5b or NTx.
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Figure 3: Change of P1NP or BAP.
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Figure 4: Change of NTx.
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Next, the trends in prevention of osteoporotic fracture
were investigated for the several kinds of therapies. 'e data
analysis shown below found that, in the IV/SC group, es-
pecially the greatest preventive effect was seen with ter-
iparatide, followed by denosumab, ibandronate, and
alendronate in order.

Although there were a few reports comparing BMD and
fracture rates among several kinds of drugs in the treatment
of osteoporosis [5–12], our awareness campaign showed
about a 50% reduction of fracture in the IV/SC group
compared to the oral group (RRR� 55%). In regard to this
point, Carolyn [9] suggested that bisphosphonates, deno-
sumab, and teriparatide decrease fractures compared with
placebo despite the lack of data comparing their efficacies.
Moreover, Migliore suggested that the drugs with the
greatest effects for preventing osteoporotic fractures are
denosumab, ibandronate, alendronate, and risedronate in

that order in a mixed treatment comparison meta-analysis
[12]. 'ese results are in agreement with the present results
based on the RRRs. On the other hand, Nakamura et al. [6]
suggested that intravenous ibandronate treatment was more
effective for the prevention of fractures in osteoporotic
patients than oral risedronate treatment. In addition, Zhang
et al. [7] and Hopkins et al. [8] reported that teriparatide and
denosumab decreased vertebral fractures more than
bisphosphonates. Considering these reports and the present
results, intravenous or subcutaneous treatment of osteo-
porosis might prevent fractures better than oral treatment.
Teriparatide and denosumab, in particular, have stronger
fracture prevention effects than bisphosphonates. Moreover,
when looking at the prevention of fractures by location,
vertebral and nonvertebral fractures were strongly reduced
by intravenous and subcutaneous injection therapies. 'ese
results support our awareness campaign about osteoporosis
treatment, and therefore, intravenous and subcutaneous
treatment is recommended from the perspective of adher-
ence and the effect on fracture prevention [17–25].

Although this study has multiple methodological limita-
tions including heterogeneity in the comparing groups and
types of awareness program, the former drug used anabolic vs.
antiresorptive that compared between new off-labeled drug
treatment and the present mainstream treatment of osteopo-
rosis. 'at implies for the testimony of effectiveness whether
new anabolic drug treatment is more effective against the
present antiresorptive drug treatment or not. 'e latter, al-
though this awareness program was based on the patient’s
preferences, may be focused on the injectable groups rather

Table 4: Comparisons of adverse events.

IV/SC group Number (n) Ratio of incidence (%) Ratio of incidence in phase 3 (%)
Teriparatide (daily) 12 10 12–13
Teriparatide (weekly) 10 28 30–50
Denosumab (biannually) 4 11 12
Ibandronate (monthly) 13 9 10
Alendronate (monthly) 2 5 7
Oral group Number (n) Ratio of incidence (%) Ratio of incidence in phase 3 (%)
Alendronate (monthly) 45 6.7 10
Minodronate (monthly) 5 1.1 Unknown
SERM (daily) 1 1.4 Under 1
Risedronate (monthly) 2 1.6 1–5
Phase 3: Japanese clinical trial final stage before approval; IV/SC: intravenous/subcutaneous.

Table 5: Comparisons of the incidence of fracture: oral vs. IV/SC group, oral vs. IV/Bis group, and oral vs. anabolic group.

Oral group IV/SC group RRR CI
Fracture number 32 (2.4%) 4 (1.1%) 0.559 −0.183–0.837
(Total number) (1337) (379)

Oral group IV/bis group RRR CI
Fracture number 32 (2.4%) 4 (2.3%) 0.021 −1.264–0.615
(Total number) (1337) (171)

Oral group Anabolic group RRR CI
Fracture number 32 (2.4%) 0 (0%) 1.000 0.219–1.000
(Total number) (1337) (208)
IV/SC: intravenous/subcutaneous, RRR: relative risk reduction, CI: confidence interval IV/bis: intravenous bisphosphonate, RRR: relative risk reduction, CI:
confidence interval IV/SC: intravenous/subcutaneous, RRR: relative risk reduction, CI: confidence interval.

Table 6: Comparisons of the incidence of fracture (intravenous and
subcutaneous).

Number RRR CI
Teriparatide (daily, n� 128) 0 (0%) 1.000 −0.828–1.000
Teriparatide (weekly, n� 62) 0 (0%) 1.000 −1.994–1.000
Denosumab (biannually,
n� 36) 0 (0%) 1.000 −4.294–1.000

Ibandronate (monthly,
n� 150) 2 (1.333%) −0.031 −2.469–0.697

Alendronate (monthly,
n� 44) 2 (4.545%) −1.398 −8.405–0.413
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than oral antiresorptive groups due to the patient’s family
assistance. 'erefore, the distribution of these treatments
would lead to being inadequate and heterogenous.

Finally, we have some bias, including the number, du-
ration, and patient’s choice of medication because zole-
dronic acid and romosozumab, which have strong fracture
prevention effects, could not be used because they were
introduced to the Japanese market recently [26–32]. Further
investigations including trials of these medications will be
needed in the near future.

In summary, these results showed a decrease in the
number of oral prescription drugs for osteoporosis treat-
ment, and intravenous and subcutaneous treatment for
osteoporosis was more effective in fracture prevention.

5. Conclusions

'e trends in treatment for osteoporosis were examined, and
the fracture rates were compared among nine osteoporosis
drugs. 'e results showed that the number of patients given
oral prescription decreased gradually from 2012 to 2016,
while the number of intravenous and subcutaneous injec-
tions increased, and the fracture rate was relatively low in the
intravenous and subcutaneous injection patients compared
to the oral prescription patients.
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