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Abstract: This postmarketing surveillance study assessed the safety and effectiveness of
teriparatide in patients with osteoporosis at high risk of fracture in Japan. The patients received
teriparatide 20 μg daily by subcutaneous injection, for a maximum of 24 months. Safety and
effectiveness analyses were based on data from 1,847 patients who were predominantly female
(92.6%) with a mean age of 75.4 years. A total of 157 adverse drug reactions (ADRs) were reported
in 140 (7.58%) patients; the most common ADRs were hyperuricemia, nausea, and dizziness. Only
six (0.32%) patients reported serious ADRs, the most common being nausea (two patients; 0.1%).
Persistence with teriparatide treatment was 60.8% and 39.1% at 18 and 24 months, respectively.
There were significant increases in biomarkers for bone formation (procollagen type I N-terminal
propeptide and bone-specific alkaline phosphatase) and bone resorption (collagen type I crosslinked C telopeptide and tartrate-resistant acid phosphatase 5b) throughout the study. These were
accompanied by significant increases in bone mineral density and low incidences of new vertebral and nonvertebral fractures. Patient-reported measurements for health-related quality of life
revealed significant improvements from baseline in back pain and overall health-related quality
of life (Short Form-8™ health survey). The results of this 24-month postmarketing surveillance
study imply that teriparatide has a favorable safety profile and is effective in the treatment of
patients with osteoporosis at high risk of fracture in Japan. Teriparatide may also be a useful
treatment for osteoporosis in other societies with aging populations.
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Osteoporosis is a serious public health concern worldwide because of the morbidity
and mortality associated with fragility fracture,1,2 which is expected to affect a large
proportion of people (40%–50% of women and 13%–22% of men) over the age of
50 years.3 In 2010, osteoporosis was estimated to affect 27.6 million people in Europe.4
In Japan, the prevalence of osteoporosis is reported to be between 3.4% and 26.5%
in people aged 40 years and over, and in 2009, osteoporosis was estimated to affect
between 6.4 and 12.8 million people.5,6 In 2010, 23% of the Japanese population were
aged 65 years and over, and this is projected to increase to 32% in 2030 and to 40%
by 2050.7 The prevalence of osteoporosis in Japan is expected to increase due to the
rapidly increasing proportion of elderly people.
Teriparatide (Forteo® [Eli Lilly and Company, Indianapolis, IN, USA]; recombinant
1-34 N-terminal sequence of human parathyroid hormone) is the first anabolic agent
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approved for the treatment of patients with osteoporosis8 and
has been reported to reduce the risk of fracture by increasing
bone formation.9 The safety and efficacy of teriparatide has
been assessed in randomized controlled trials (RCTs) and
in observational studies conducted primarily in Caucasian
populations. These studies have shown that teriparatide is
well tolerated, reduces the risk of vertebral and nonvertebral fractures, and increases bone mineral density (BMD)
and levels of bone turnover biomarkers in osteoporotic
patients.10–12 In addition, the large-scale European Forsteo
Observational Study (EFOS) demonstrated that teriparatide
was effective in reducing fracture incidence in women with
osteoporosis in real-world clinical practice.13,14
In Japan, teriparatide was approved in 2010 specifically
for patients with osteoporosis at high risk of fracture, such as
those with previous fracture, low BMD, or a family history
of hip fracture. Double-blind RCTs have confirmed that
osteoporotic patients in Japan had a similar response (increase
in lumbar spine BMD) to teriparatide as Caucasian patients
(10.4% and 8.3% increase, respectively).12,15,16 A single bridging study and analysis of previous trial data demonstrated that
body-weight-adjusted pharmacokinetics, changes in BMD,
and safety profiles of teriparatide were similar in Japanese
and non-Asian patients.16 However, no large, observational,
postmarketing surveillance (PMS) studies have been conducted to confirm the effectiveness and safety of teriparatide
in Japanese patients with osteoporosis. Such PMS studies
are important because of differences in the way osteoporotic
patients in Japan are treated and how they access services
via the universal health insurance system. In addition, PMS
studies assess the use of teriparatide in real-world conditions,
including in patients with complex medical histories who
may not be eligible for enrollment in RCTs. PMS of teriparatide is mandated by the Japan Ministry of Health, Labour
and Welfare and will provide clinically relevant information
on the use of teriparatide in a real-world clinical setting in
Japan. The objectives of this PMS study were to assess the
safety and effectiveness of teriparatide. The interim results
of the study were reported previously, mainly focusing on
patient characteristics and some interim outcomes;17 and we
now report the final and definite results from the full study
cohort of 1,847 patients over 24 months.

Material and methods
Study design
This was a prospective, multicenter, PMS study, with a
24-month observation period. A total of 1,882 patients were
registered at 238 sites across Japan. The PMS study was
conducted between October 29, 2010, and February 28, 2014,
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using a central registration method. The study was mandated
by the Japan Ministry of Health, Labour and Welfare and was
conducted in accordance with Good Post-marketing Study
Practice of the Pharmaceutical Affairs Law of Japan. For this
type of study, formal consent and institutional ethics approval
were not required by our institutional IRB.

Study population
Participants were patients with osteoporosis who were at high
risk of fracture, such as those with low BMD, previous fracture, older age, and/or family history of femoral neck fracture,
in accordance with the prescribing information.8 Osteoporosis
was diagnosed using diagnostic criteria for primary osteoporosis (year 2000 revision; Osteoporosis Diagnostic Criteria
Review Committee of the Japanese Society for Bone and
Mineral Research).18 Patients were excluded from the study
if they had been previously prescribed teriparatide or if they
had any contraindications to teriparatide treatment.8 The
safety and effectiveness population, persistence population,
and fracture incidence population included patients who had
received at least one dose of teriparatide.

Treatment protocol

Patients were prescribed teriparatide 20 μg daily (Forteo®),
subcutaneously, for a maximum of 24 months. Clinical
evaluations were performed at baseline and at 1, 3, 6, 12,
18, and 24 months from the start of treatment. Patients who
discontinued treatment before 24 months had a final clinical
evaluation at the time of discontinuation (last visit).

Safety profile
Safety was assessed by reporting of adverse drug reactions
(ADRs), defined as adverse events for which causal relation
to teriparatide could not be excluded. All ADRs were reported
by treating physicians. Recorded ADRs were classified using
preferred terms and system organ classes according to the
Medical Dictionary for Regulatory Activities (MedDRA;
version 17.0, MedDRA MSSO, McLean, VA, USA).

Persistence
Persistence was calculated as the time from the start of treatment to the end of the 24-month study period or discontinuation and was based on physicians’ reports. Discontinuation
was defined as stopping teriparatide for at least 14 days or
discontinued use of teriparatide.

Effectiveness
Effectiveness of teriparatide treatment was assessed by
changes in biomarkers of bone turnover, BMD, fracture
Clinical Interventions in Aging 2016:11
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incidence, Visual Analog Scale (VAS) score for back pain,
and Short Form-8 (SF-8™) health survey score for healthrelated quality of life (HRQoL). Biomarkers of bone turnover
were measured at baseline, 1, 3, and 6 months, and at treatment discontinuation. Biomarkers tested were as follows:
serum procollagen type I N-terminal propeptide (PINP);
serum bone-specific alkaline phosphatase (bone ALP); serum
collagen type I cross-linked C telopeptide (CTX-I); and serum
tartrate-resistant acid phosphatase 5b (TRACP5b). Each study
site measured BMD according to their preferred method, at
baseline and at 6-month intervals, at lumbar vertebrae 2–4
(L2–L4), femoral neck, and total hip. The number of new
clinical fractures was counted at 6-monthly intervals. Incident
vertebral and nonvertebral clinical fractures were defined as
new fragility fractures that were reported at any postbaseline visit and were subsequently confirmed by radiographs
at study sites. In accordance with the teriparatide Fracture
Prevention Trial,12 nonvertebral fractures were defined as low
energy fractures, except for pathological fractures. Patients
rated the severity of their back pain at baseline, at 3, 12, 18,
and 24 months and at treatment discontinuation, using the
VAS score for pain, where a score of 0 indicates no back
pain, and a score of 100 indicates worst possible back pain.
Patients rated their HRQoL at the same observation time
points as back pain, using the SF-8 health survey.19

Statistical analysis
Frequency and incidence were calculated for binary variables.
Mean and standard deviation (SD) were calculated for continuous variables, except for percent changes from baseline
in biomarkers of bone turnover (where first [Q1], second
[median], and third [Q3] quartiles were also calculated) and
BMD (where mean and 95% confidence interval [CI] were
calculated). Percent changes from baseline in biomarkers
of bone turnover and BMD were assessed using the paired
t-test; a P-value ,0.05 was considered statistically significant. Persistence with teriparatide treatment and cumulative
fracture rate were assessed using the Kaplan–Meier method.
All statistical analyses were conducted using SAS Version
9.2 (SAS Institute, Cary, NC, USA).

Results
Baseline characteristics and patient
disposition
A total of 1,882 patients were enrolled in the study between
October 29, 2010, and February 29, 2012, and 1,847 were
included in the safety and effectiveness analyses. Patients
were excluded because their case report forms were not
collectible (n=22), there was a violation of their registration
Clinical Interventions in Aging 2016:11
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(n=10), or they did not attend a visit after the first prescription
(n=3). Most (92.6%) included patients were female, with a
mean (SD) age of 75.4 (9.1) years, and most (90.8%) female
patients were postmenopausal (Table 1). Approximately twothirds (63.9%) of patients reported a history of fracture, and
more than half (52.1%) of patients experienced one or more
vertebral fractures before registering in the study (Table 1).
Table 1 Baseline demographics, disease characteristics, comor
bidities, and previous or concomitant osteoporosis treatments of
patients with osteoporosis at high risk of fracture in Japan
Characteristics

Patients (N=1,847)

Age
Mean (SD), years
Median (min, max), years
30 to ,50 years, n (%)
50 to ,65 years, n (%)
65 to ,75 years, n (%)
75 to ,85 years, n (%)
$85 years, n (%)
Height, mean (SD), cm
Weight, mean (SD), kg
Females, n (%)
Menopause status, n (%)
Premenopause
Postmenopause
Unknown
Age at menopause, mean (SD), yearsa
Current smoker, n (%)b
Alcohol consumption (.3 U/d), n (%)b
History of fracture, n (%)b
Past surgery for fracture, n (%)
History of proximal femoral fracture in patients’
parents, n (%)b
Vertebral fractures, n (%)
1
2
$3
Nonvertebral fractures, n (%)
1
2
$3
BMD, % of YAM, n (%)b
$80%
70 to ,80%
,70%
CKDb stage, n (%)
1
2
3
4
5

75.4 (9.1)
76 (31, 101)
19 (1.0)
210 (11.4)
531 (28.7)
839 (45.4)
248 (13.4)
148.0 (7.8)
47.3 (8.9)
1,711 (92.6)
9 (0.5)
1,554 (90.8)
148 (8.6)
48.9 (4.8)
35 (1.9)
29 (1.6)
1,180 (63.9)
243 (13.2)
76 (4.1)
962 (52.1)
370 (20.0)
230 (12.5)
362 (19.6)
238 (12.9)
191 (10.3)
36 (1.9)
11 (0.6)
133 (7.2)
150 (8.1)
670 (36.3)
194 (10.5)
710 (38.4)
350 (18.9)
30 (1.6)
3 (0.2)

Notes: aInformation on age at menopause was available for 598/1,554 postmeno
pausal female patients. bInformation was not available on history of fracture for
224 patients; history of femoral fracture in patients’ parents for 872 patients; BMD
for 894 patients; CKD for 560 patients; current smoking status for 410 patients; and
alcohol consumption for 442 patients from the 1,847 patient cohort.
Abbreviations: BMD, bone mineral density; CKD, chronic kidney disease; min,
minimum; max, maximum; n, number; SD, standard deviation; YAM, young adult mean.
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Nearly half (48.3%) of patients included in the study reported
one or more comorbidity (Table S1). The most frequently
reported comorbidities were renal impairment (21.9%),
hypertension (16.6%), hepatic impairment (11.7%), and rheumatoid arthritis (8.2%; Table S1). Secondary osteoporosis
and glucocorticoid-induced osteoporosis were each reported
in 8.0% of patients (Table S1). Approximately one-third
(32.4%) of patients had a past medical history (Table S1).
Of the 1,847 patients in the study, more than half (59.6%) had
previously received treatment for osteoporosis; the remaining
patients (40.4%) were treatment naive. The most common
treatments were alendronate (26.7%), alfacalcidol (16.8%),
risedronate (14.4%), and raloxifene (10.3%) (Table S1).
A total of 406 (22.0%) patients were receiving concomitant
treatment for osteoporosis during the study (Table S1).

Safety
A total of 157 ADRs were reported in 140 (7.58%) patients
(Table 2). The most commonly reported ADRs in patients
Table 2 Adverse drug reactions in patients with osteoporosis at
high risk of fracture following treatment with teriparatide in Japan
Adverse drug reaction

N=1,847
n (%)

Patients experiencing adverse drug reactions
Total adverse drug reactions reported
Most commonly reported reactionsa
Hyperuricemia
Nausea
Dizziness
Headache
Increased blood alkaline phosphate
Palpitations
Hypercalcemia
Rash
Decreased appetite
Renal impairmentb
Abdominal discomfort
Eczema
Pruritus
Urticaria
Feeling abnormalb
Patients experiencing serious adverse drug reactions
Total serious adverse drug reactions reported
Nausea
Constipation
Hypercalcemia
Toxic skin eruption
Calculus bladder
Renal impairment

140 (7.58)
157
19 (1.03)
16 (0.87)
10 (0.54)
9 (0.49)
7 (0.38)
6 (0.32)
5 (0.27)
5 (0.27)
4 (0.22)
4 (0.22)
3 (0.16)
3 (0.16)
3 (0.16)
3 (0.16)
3 (0.16)
6 (0.32)
7
2 (0.11)
1 (0.05)
1 (0.05)
1 (0.05)
1 (0.05)
1 (0.05)

Notes: aAdverse drug reactions reported in .2 (0.1%) patients in the safety
analysis. bAdverse drug reactions that are not described in the usage notes for the
study drug.
Abbreviation: n, number.
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were hyperuricemia (1.03%), nausea (0.87%), dizziness
(0.54%), headache (0.49%), and increased blood ALP
(0.38%) (Table 2). Only seven serious ADRs were reported
in six patients; these were nausea, reported in two (0.11%)
patients, and constipation, hypercalcemia, toxic skin eruption, calculus bladder, and renal impairment, each reported
in one (0.05%) patient (Table 2).

Persistence with teriparatide treatment
Overall, 60.8% of patients persisted with teriparatide treatment for the first 18 months and 39.1% persisted for the
first 24 months (Figure 1). A total of 977 (52.9%) patients
discontinued treatment, most commonly because of patient
decision (341 patients; 18.5%), doctor decision (233 patients;
12.6%), adverse events (131 patients; 7.1%), end of treatment (patients considered by the investigator to no longer
require treatment with teriparatide; 133 patients; 7.2%), lost
to follow-up (120 patients; 6.5%), or insufficient effect (four
patients; 0.2%). A total of 15 patients (0.8%) discontinued
because of death; these deaths were considered (by the investigators) to be unrelated to teriparatide treatment.

Biomarkers for bone turnover
The levels of biomarkers for bone formation (PINP and bone
ALP) were significantly increased from baseline at all time
points during the study (Figure 2A and B). The median (Q1, Q3)
percent change from baseline at the last observation carried
forward (LOCF) was 208.9% (91.0, 454.7; n=449) for PINP
and 51.35% (14.1, 99.3; n=145) for bone ALP. The levels
of biomarkers for bone resorption (CTX-I and TRACP5b)
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Figure 1 Kaplan–Meier curve of persistence with teriparatide treatment in patients
with osteoporosis at high risk of fracture in Japan.

Clinical Interventions in Aging 2016:11

Dovepress









6HUXP&7;,
FKDQJHIURPEDVHOLQH
PHGLDQ44

&

%/
Q 

PR


PR









/XPEDUVSLQH%0'
FKDQJHIURPEDVHOLQH
PHDQ&,

(

PR


PR






'








%/
Q 

PR


PR


PR


+LS%0'
FKDQJHIURPEDVHOLQH
PHDQ&,

*

PR


PR


PR


PR /2&)



%/
Q 

PR


PR


PR /2&)
 





)



%/
Q 



±

PR /2&)





±



±



%/
Q 



PR /2&)
 



±



75$&3E
FKDQJHIURPEDVHOLQH
PHGLDQ44

±

%



)HPRUDOQHFN%0'
FKDQJHIURPEDVHOLQH
PHDQ&,

3,13
FKDQJHIURPEDVHOLQH
PHGLDQ44

$

%RQH$/3
FKDQJHIURPEDVHOLQH
PHGLDQ44

Safety and effectiveness of teriparatide in Japan






±

/2&)


%/
Q 

PR


PR


PR


PR


/2&)








±

%/
Q 

PR


PR


PR


PR


/2&)


Figure 2 Percent change from baseline in biomarkers of bone turnover (median, Q1, Q3) and BMD (mean, 95% CI) after up to 24 months of teriparatide treatment and at
LOCF in patients with osteoporosis at high risk of fracture in Japan.
Notes: Biomarkers for bone formation were PINP (A) and bone ALP (B) and for bone resorption were CTX-I (C) and TRACP5b (D). The mean (SD) baseline values were:
PINP 51.49 (59.49) ng/mL; bone ALP 19.37 (17.45) IU/L; CTX-I 0.22 (0.16) ng/mL; and TRACP5b 451.50 (245.29) mU/dL. BMD was measured at the lumbar spine (E), femoral
neck (F), and total hip (G). *P,0.05 for the increase from baseline at each time point.
Abbreviations: bone ALP, bone-specific alkaline phosphatase; BL, baseline; BMD, bone mineral density; CI, confidence interval; CTX-I, collagen type I cross-linked C
telopeptide; LOCF, last observation carried forward; PINP, procollagen type I N-terminal propeptide; Q1, first quartile; Q3, third quartile; SD, standard deviation; TRACP5b,
tartrate-resistant acid phosphatase 5b.

Clinical Interventions in Aging 2016:11

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

917

Dovepress

Nishikawa et al

%








,QFLGHQFH 

       

6WXG\GXUDWLRQ GD\V

   
3DWLHQWVDWULVN Q
   

,QFLGHQFHRI
QRQYHUWHEUDOIUDFWXUH 

,QFLGHQFHRI
YHUWHEUDOIUDFWXUH 

$









,QFLGHQFH 









       

6WXG\GXUDWLRQ GD\V

   
3DWLHQWVDWULVN Q
   









Figure 3 Kaplan–Meier estimate of vertebral (A) and nonvertebral (B) fractures in patients with osteoporosis at high risk of fracture during treatment with teriparatide
in Japan.

were also significantly increased from baseline at all time
points during the study (Figure 2C and D). The median
(Q1, Q3) percent changes at the LOCF was 342.5% (135.3,
541.9; n=56) for CTX-I and 40.4% (2.5, 96.9; n=230) for
TRACP5b.

BMD
At baseline, the mean (95% CI) BMD was 0.731 (0.711–
0.751) g/cm2 at the lumbar spine, 0.541 (0.533–0.549) g/cm2
at the femoral neck, and 0.563 (0.551–0.575) g/cm2 at the
total hip. There were significant increases from baseline at
all time points at the lumbar spine (L2–L4) and femoral neck
and at 12 and 24 months at the total hip (Figure 2E–G). The
greatest increases were observed at the lumbar spine, where
the mean (95% CI) percent change from baseline was 5.3%
(4.1%–6.5%, n=418), 8.1% (6.5%–9.7%, n=344), 10.0%
(8.5%–11.6%, n=301), 12.0% (10.1%–13.9%, n=292), and
10.9% (9.4%–12.3%, n=487) at 6, 12, 18, and 24 months,
and at the LOCF, respectively.

Fracture incidence
The incidence of new fractures with increasing treatment
duration is shown in Figure 3. Overall, the cumulative incidence of new vertebral or nonvertebral fracture during the
24-month study was 2.9% and 4.6%, respectively.

Back pain
Back pain significantly (P,0.001) improved from baseline at
all time points during the study (Figure S1). The mean (SD)
back pain VAS score at baseline was 41.8 (28.4). The mean
(95% CI) change from baseline in back pain VAS scores at
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3, 12, 18, and 24 months and at the LOCF were -10.0 (-12.0
to -8.0), -12.5 (-14.7 to -10.2), -12.9 (-15.5 to -10.4), -13.8
(-16.6 to -11.0), and –13.1 (-15.1 to -11.1), respectively.

HRQoL
Overall, SF-8 health survey scores significantly improved
following treatment with teriparatide (Figure S2). The mean
(SD) SF-8 scores at baseline ranged from 38.38 (9.32) for
the physical component summary score to 46.22 (8.21)
for the mental health domain. The mean (95% CI) change
from baseline to the LOCF in SF-8 scores ranged from 2.37
(1.72–3.01) for the mental component summary score to 4.50
(3.73–5.27) for the role physical domain.

Discussion
In this first large-scale PMS study in Japan, teriparatide was
shown to have favorable safety and effectiveness profiles in
osteoporotic patients at high risk of fracture. Importantly, teriparatide was well tolerated, with no new clinically significant
safety concerns identified, and persistence with teriparatide
treatment was similar to or higher than that reported in other
studies.20–23 Early significant increases in bone formation
biomarkers were followed by subsequent increases in bone
resorption biomarkers. The cumulative incidence of new
vertebral and nonvertebral fracture to 24 months was 2.9%
and 4.6%, respectively, and patient-reported back pain and
overall HRQoL improved significantly. To alleviate the
health-related burden of Japan’s rapidly aging population,
the Japanese Government established mandatory long-term
public health insurance in 2000.24 Under this insurance,
recipients can select the nursing care services required for
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the treatment of osteoporosis and its associated comorbidities, leading to possible serious socioeconomic concerns.
Therefore, information gained from this PMS study will
provide an essential reference for the use of teriparatide,
with its favorable tolerability profile, to prevent subsequent
fragility fracture in osteoporotic patients in Japan. The results
from this PMS study will also be relevant to many other
countries where teriparatide can be used for patients at high
risk of fracture.
The safety profile for teriparatide in this PMS study is
consistent with that of Japanese populations reported in
previous RCTs15,25 and of Caucasian populations reported in
previous RCTs and observational studies.12,21,26,27 Overall, teriparatide treatment was well tolerated, with 7.1% of patients
discontinuing because of adverse events, consistent with the
rates reported in other studies of teriparatide.12,15,20,25,26 In addition, 7.58% of patients experienced ADRs (most commonly
hyperuricemia, nausea, and dizziness), and only 0.32% of
patients experienced serious ADRs. There were no reports
of osteosarcoma, in agreement with the 7-year findings from
a 15-year surveillance study of teriparatide in the United
States.28 A bridging study that analyzed previous trial data
also reported no new safety concerns in Japanese women
treated with teriparatide compared with Caucasian women.16
However, a greater proportion of the Japanese women in
that study reported ADRs compared with this PMS study,
possibly due to the more sensitive screening for ADRs in the
bridging study analysis.15,16 Importantly, the favorable safety
results of this PMS study were observed in a patient population in which almost 60% were aged $75 years. Similarly,
in EFOS, teriparatide was well tolerated, with no significant
differences in the safety profiles of patients aged ,75 years
compared with those aged $75 years.26
Poor adherence and persistence with osteoporosis treatments are major issues faced by physicians.29 Although
administration of teriparatide requires daily self-injection,
the persistence rates in this PMS study were 70.7%, 60.8%,
and 39.1% of patients at 12, 18, and 24 months, respectively.
Persistence at 12 and 18 months was similar to that reported
previously in Japan and Europe,20–22 whereas persistence
at 24 months was greater than that reported in the United
States.23 The persistence rates we observed may have
resulted, in part, from the patient support and educational
programs that were part of the treatment program.20,30 In addition, the comprehensive public health insurance system for
the elderly population in Japan may provide the financial
support needed to facilitate persistence with treatment.
Persistence with teriparatide treatment has been demonstrated
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to be associated with lower risk of fracture.31 Although direct
associations between treatment persistence and effectiveness
were not investigated in this study, the high rate of persistence
was likely to have contributed to the lower fracture risk and
the improvement of BMD, back pain, and HRQoL compared
with studies conducted in other countries.
The increases in BMD observed at the lumbar spine,
femoral neck, and total hip in this PMS study were similar
to those observed in an RCT conducted in Japanese patients15
and an observational study conducted in Europe.27 There was
a large increase in lumbar spine BMD at 6 months, which
then steadily increased over the next 18 months. In addition,
the transient decrease in BMD at the total hip observed at
6 months in this PMS study is consistent with previous reports
on patients who had been treated with antiresorptive therapy
prior to teriparatide32,33 and is thought to occur because of
the matrix remodeling of highly mineralized bone caused by
antiresorptives.33 In contrast, no such decrease in BMD was
observed in the pivotal fracture prevention trial conducted in
treatment-naive patients.12 Given that approximately 40% of
the patients in this PMS study were treatment naive and that
46% had received previous treatment with a bisphosphonate,
the transient decrease in hip BMD is not unexpected.
Teriparatide stimulates bone turnover while maintaining a positive balance between bone formation and bone
resorption, with associated increases in biomarkers for both
processes.34 Bone biomarkers are clinically useful measurements in the earlier stages of treatment when BMD data
are less informative.35 Previous studies have demonstrated
a correlation between an early change in PINP level and a
later increase in BMD during teriparatide treatment.36,37 In the
current study, the early increase in the bone formation biomarkers PINP and bone ALP, and the later increase in bone
resorption biomarkers, are consistent with previous reports
of teriparatide in Japan15,25 and with those reported in largely
Caucasian study populations.38–40 One novel finding of this
PMS study is the time course analysis of serum TRACP5b
levels, which demonstrated an increase in response to teriparatide as early as 1 and 3 months. Whereas CTX-I reflects
osteoclastic activity and has a prominent circadian rhythm,
TRACP5b reflects the number of osteoclasts and is essentially independent of time.41 In our study, TRACP5b levels
plateaued at approximately 50% above baseline levels at
3 and 6 months, which together with the greater percentage
change in PINP, indicates an overall positive balance of bone
remodeling associated with teriparatide treatment.
The improvement in bone microarchitecture and
bone strength with teriparatide is thought to translate to a
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reduced risk of fracture in postmenopausal women with
osteoporosis.9,12 In both the pivotal fracture prevention trial
and EFOS, teriparatide (20 μg) treatment for up to 36 months
significantly reduced the risk of new vertebral and nonvertebral fractures.12,13 In the current study, the incidences of new
vertebral and nonvertebral fractures during the 24-month
period were 2.9% and 4.6%, respectively. Direct comparison
of fracture incidence among different studies is problematic
because of differences in study design and patient populations. However, the fracture incidences in our study were
lower than those reported in previous studies,12,13 possibly
because of the low number of patients with previous fracture history in this PMS study, despite their older age.21 In
addition, our results are similar to those reported in an RCT
of osteoporotic patients in Japan, in which 4.4% and 2.2%
of patients experienced new vertebral and nonvertebral
fractures, respectively, during the 12-month teriparatide
treatment period, and no new fractures were observed during
the 12 months following treatment.15
In addition to an increased risk of fracture, postmenopausal women with osteoporosis have an increased risk of
associated complications such as chronic back pain that can
lead to reduced HRQoL.42 This is the first longitudinal study
(24 months treatment) in osteoporotic patients in Japan to
show substantial improvement in HRQoL following teriparatide treatment. Patients reported a significant decrease
in the severity of back pain from 3 months onwards, which
was accompanied by significant improvement in overall SF-8
scores, with the greatest improvements in the role physical and bodily pain domains. Despite some differences in
the patients’ characteristics, our findings on back pain and
HRQoL were consistent with those in EFOS, which further
demonstrated that improvements in back pain persist for at
least 18 months after teriparatide treatment is terminated.14
Interpretation of the findings from this study is limited by
the biases that can be inherent in observational studies. The
study involved a single cohort, patients were not randomized by age or treatment group, and there was no control
or comparator group. The effectiveness of teriparatide was
not compared between patients with or without previous
treatment in this study. In addition, not all patients had
information available on biomarkers of bone turnover,
BMD, and HRQoL measurements at all of the study time
points. Importantly, however, the strength of the study is
that the population reflected real-world clinical practice for
osteoporotic patients in Japan. The study included a large
sample size with no age or sex restrictions, and a considerable proportion of patients had comorbidities and had either
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previously been treated for osteoporosis or were receiving
concurrent osteoporosis treatment at the time of the study.
Although the patients in this PMS study were older and had
less severe baseline characteristics in terms of fracture history and risk, BMD, and back pain compared with previous
studies in Caucasian populations, there were no new safety
concerns and similar clinical benefits of teriparatide treatment
were observed.14,31,43–45 This study highlights both the importance of PMS studies in real-world settings and the need for
patient education on available treatments and their HRQoL
benefits. The findings are clinically relevant because Japan is
more affected by population aging than any other country.24
Finally, patients were administered teriparatide in accordance
with its Japanese indication. Thus, our results illustrate the
real-world experience in Japan where, owing to the highly
developed public health insurance system, physicians prescribe teriparatide strictly according to the indication.

Conclusion
In conclusion, this PMS study demonstrated that teriparatide
has favorable safety and effectiveness profiles including
HRQoL in osteoporotic patients at high risk of fracture in
Japan. Importantly, these results were obtained in a patient
population that was older, had more comorbidities, less
severe fracture history, and more treatment-naïve patients
than populations used in previous RCTs.
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Supplementary materials
Table S1 Baseline comorbidities and previous or concomitant osteoporosis treatments of patients with osteoporosis at high risk of
fracture in Japan
Characteristic

N=1,847
n (%)

Comorbidities
Most frequently occurring comorbidities
Hypertension
Rheumatoid arthritis
Hyperlipidemia
Osteoarthritis
Constipation
Gastroesophageal reflux disease
Insomnia
Lumbar spinal canal stenosis
Type 2 diabetes mellitus
Gastritis
Renal impairmenta
Hepatic impairmentb
Secondary osteoporosisc
Glucocorticoid-induced osteoporosisc
Past medical history
Most frequently reported medical history
Vertebral compression fracture
Uterine leiomyoma
Appendicitis
Cerebral infarction
Femoral neck fracture
Gastric ulcer
Hypertension
Osteoarthritis
Lumbar spinal canal stenosis
Cataract
History of drug therapy for osteoporosis
Most common previous drug therapy for osteoporosis (used by $5 patients)
Alendronate (oral)
Alfacalcidol (oral)
Risedronate (oral)
Raloxifene (oral)
Elcatonin (intramuscular)
Minodronic acid (oral)
Menatetrenone (oral)
Calcitriol (oral)
l-Aspartic acid (oral)
Eldecalcitol (oral)
Bazedoxifene (oral)
Concomitant drug therapy for osteoporosis
Most common concomitant drug therapy for osteoporosis (used by $5 patients)
l-aspartic acid (oral)
Alfacalcidol (oral)
Menatetrenone (oral)
Eldecalcitol (oral)
Elcatonin (intramuscular)
Raloxifene (oral)
Risedronate (oral)
Alendronate (oral)
Minodronic acid (oral)
Bazedoxifene (oral)

893 (48.3)
306 (16.6)
151 (8.2)
140 (7.6)
105 (5.7)
97 (5.3)
94 (5.1)
86 (4.7)
83 (4.5)
77 (4.2)
66 (3.6)
404 (21.9)
217 (11.7)
148 (8.0)
148 (8.0)
598 (32.4)
58 (3.1)
51 (2.8)
41 (2.2)
35 (1.9)
28 (1.5)
27 (1.5)
25 (1.4)
22 (1.2)
21 (1.1)
21 (1.1)
1,101 (59.6)
493 (26.7)
311 (16.8)
266 (14.4)
190 (10.3)
113 (6.1)
89 (4.8)
58 (3.1)
52 (2.8)
34 (1.8)
18 (1.0)
15 (0.8)
406 (22.0)
176 (9.5)
145 (7.9)
101 (5.5)
39 (2.1)
34 (1.8)
31 (1.7)
28 (1.5)
13 (0.7)
10 (0.5)
7 (0.4)

Notes: aPatients with renal impairment or chronic kidney disease stages 3 to 5 are defined as having renal impairment. bPatients with liver impairment or abnormal laboratory
data regarding liver function (aspartate aminotransferase, alanine aminotransferase, and γ-glutamyl transpeptidase exceeded standard level) are defined as having hepatic
impairment. cInformation was not available on secondary osteoporosis for 328 patients or on glucocorticoid-induced osteoporosis for 337 patients.
Abbreviation: n, number.
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Figure S1 LS mean (95% CI) change from baseline in back pain VAS score after 3, 12, 18, and 24 months of teriparatide treatment and at the last observation carried forward
in patients with osteoporosis at high risk of fracture in Japan.
Note: *P,0.001 for the change from baseline at each time point.
Abbreviations: BL, baseline; CI, confidence interval; LOCF, last observation carried forward; LS, least squares; VAS, Visual Analog Scale.
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Figure S2 Mean (95% CI) change from BL in SF-8 domains and SF-8 physical and mental component summary scores at 3, 12, 18, and 24 months of teriparatide treatment,
and at the LOCF in patients with osteoporosis at high risk of fracture in Japan.
Notes: *P,0.001 for all SF-8 domains and summary scores at all time points. The mean (SD) BL scores were: (A) general health 44.7 (7.62); (B) physical functioning 39.9
(10.59); (C) role physical 38.6 (11.73); (D) bodily pain 41.6 (9.09); (E) vitality 45.1 (7.74); (F) social functioning 40.7 (11.09); (G) mental health 46.2 (8.21); (H) role emotional
42.3 (11.81); (I) physical component summary 38.4 (9.32); and (J) mental component summary 45.9 (9.17).
Abbreviations: BL, baseline; CI, confidence interval; LOCF, last observation carried forward; SD, standard deviation; SF-8, Short Form-8.
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