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Abstract
Summary Medication persistence and adherence are critical
for osteoporosis outcomes. Using the Taiwan National
Health Insurance Research Database, we found that persis-
tence and adherence to teriparatide were low in Taiwanese
patients with osteoporosis and that greater persistence and
adherence were associated with a lower incidence of hip and
other nonvertebral fractures.
Introduction The purpose of this study was to determine the
persistence and adherence to teriparatide treatment in

Taiwanese patients with osteoporosis, and to examine the as-
sociation between persistence and adherence to teriparatide
with fracture risks.
Methods Medical and pharmacy claims for 4,692 patients
with vertebral or hip fractures and teriparatide prescrip-
tions between 2005 and 2008 were identified (Taiwan
National Health Insurance Research Database).
Persistence was the time from the start of treatment to
the first 90-day gap between two teriparatide prescrip-
tions. Adherence was the number of teriparatide pens
(each pen is used over 1 month) prescribed over
24 months. Association of persistence and adherence
to teriparatide with fracture incidence was assessed
using adjusted Cox proportional hazards models.
Results The proportion of patients persisting with teriparatide
for >6 months and >12 months was 44.6 and 24.9 %, respec-
tively. Over 24 months, 53.6 % of patients were adherent for
>6months and 33.9%were adherent for >12 months. Patients
persisting for >12 months had a significantly lower in-
cidence of hip (adjusted hazard ratio [HR], 0.61 [95 %
confidence interval (CI), 0.40–0.93], P = 0.0229) and
nonvertebral fracture (HR, 0.79 [95 % CI, 0.63–0.99],
P = 0.0462) compared with those who persisted for
≤12 months. Patients adherent for >12 months had a
lower incidence of hip (HR, 0.66 [95 % CI, 0.46–
0.96], P= 0.0286) and nonvertebral fracture (HR, 0.81
[95 % CI, 0.66–0.99], P= 0.0377) compared with those
adherent for ≤12 months.
Conclusions Persistence and adherence to teriparatide over
24 months were low in Taiwanese patients with osteoporosis;
greater adherence and persistence were associated with a low-
er incidence of nonvertebral fractures.
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Introduction

Osteoporosis is a major, global health problem, especially in
the aging population [1]. Fragility fractures, most commonly
of the hip, vertebrae, and wrist, are a major complication of
osteoporosis and are associated with increased mortality and
reduced mobility [2]. Worldwide, approximately 9 million
men and women older than 50 years experienced osteoporotic
fractures in 2000 [3]. Of these, 1.6 million (18.2 %) were hip
fractures and 1.4 million (15.8 %) were vertebral fractures [3].
Hip fracture alone is responsible for 41 % of the global oste-
oporosis morbidity burden [3]. Although hip fracture rates in
Taiwan are decreasing or have plateaued [4, 5], they are
among the highest in the world (299 per 100,000 population
in 2010) [6]. The high hip fracture rates in Taiwan are pro-
posed to be due to inadequate nutrition of the older generation
in years past, poor geriatric care, a high risk of falls, and an
aging population [7].

A number of effective treatments that aim to decrease the
risk of fracture are available for patients with osteoporosis [2,
8] . These inc lude an t i resorp t ive drugs such as
bisphosphonates; the selective estrogen receptor modulator,
raloxifene; calcitonin; hormone replacement therapy;
denosumab; and anabolic drugs, such as teriparatide
[Forteo®; recombinant human parathyroid hormone (1–34)]
[9]. Antiresorptive drugs decrease the risk of osteoporotic
fracture by slowing bone resorption and turnover, and main-
taining or increasing bone mass [10]. In contrast, anabolic
drugs decrease the risk of osteoporotic fracture [11] by stim-
ulating bone formation [12].

Treatment persistence and adherence are important for the
success of long-term therapies and can improve clinical out-
comes [13]. However, adherence to osteoporosis medications
is generally poor in real-world settings [14]. A medication
possession ratio (MPR) ≥50% is considered to be the minimal
level of adherence required for a beneficial effect on fracture
rate [15], and an inverse relationship between treatment ad-
herence and fracture risk is well established [14, 15]. Previous
studies conducted primarily in Caucasian populations have
shown that only 30 to 50 % of patients adhere (MPR
>80 %) to approved os t eoporos i s med ica t ions
(bisphosphonates) after 2 years [16, 17]. Further, a number
of studies have demonstrated that greater persistence or adher-
ence to osteoporosis medications is associated with reduced
fracture incidence [15–21].

Several studies on teriparatide have demonstrated reduced
fracture incidence with greater persistence [18–21]. However,
only one study, conducted in a real-world setting using a
United States (US) claims database, has demonstrated that
both greater persistence and adherence to teriparatide are as-
sociated with lower risks of all clinical vertebral and
nonvertebral fractures [18]. In Taiwan, the Ministry of
Health and Welfare approved the use of teriparatide for up to

24 months for the treatment of osteoporosis in postmen-
opausal women and men at high risk for fragility frac-
ture. However, the National Health Insurance (NHI)
scheme in Taiwan only reimburses teriparatide use for
up to 18 months. Persistence and adherence to
teriparatide have not been examined in Taiwanese pa-
tients with osteoporosis and limited information is avail-
able in other Asian populations [22].

In this retrospective study, we examine the links between
persistence and adherence to teriparatide treatment and the
risk of fractures in patients with osteoporosis using the
Taiwan National Health Insurance Research Database
(NHIRD). First, we aimed to examine the clinical characteris-
tics of Taiwanese patients with previous fracture who were
treated with teriparatide. Second, we aimed to examine the
association between persistence and adherence to teriparatide
with the incidence of hip and other nonvertebral fractures in
Taiwan.

Methods

Data source

The NHI program, established in 1995, is a public health
insurance system in which participation is mandatory for all
citizens of Taiwan. In 2014, 99.1 % of the population of
Taiwan were enrolled [23]. The NHIRD has proven to be a
valuable source of real-world clinical data for population-
based studies, including studies on fractures and osteo-
porosis [24]. The current study is a retrospective, cohort
study conducted in Taiwanese patients treated with
teriparatide. Data of medical and pharmacy claims be-
tween 1 January 2004 and 31 December 2010 in the
NHIRD were suppl ied by the National Heal th
Insurance Administration (formerly the Bureau of
National Health Insurance), Ministry of Health and
Welfare, Taiwan. This study was conducted in accor-
dance with the Declaration of Helsinki and was ap-
proved by the National Taiwan University Hospital
Institutional Review Board.

Study population

As per the NHI criteria for teriparatide reimbursement, pa-
tients were included if they had an International
Classification of Diseases 9th Revision, Clinical
Modification (ICD-9-CM) code for osteoporosis (733.xx)
and/or major prevalent osteoporotic fractures (spine: ICD-9-
CM codes 805.2, 805.4, 805.8, 806.2x, 806.4, 806.8; hip frac-
ture: ICD-9-CM code 820.x) and had used teriparatide be-
tween 1 January 2005 and 31 December 2008. Patients were
excluded if they were aged <50 years, had Paget’s disease
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(ICD-9-CM code 731.0), had used teriparatide in the
12 months before the index date (date of first prescription
for teriparatide), had open fractures (with the exception of
hip) or fractures due to external causes, including high-
trauma accidents (ICD-9-CM E codes), or had used
teriparatide for greater than 24 months. Open fractures of the
hip were not excluded as these fracture types may occur due to
low impact trauma in frail older adults in the real-world
setting.

Treatment

Patients were prescribed teriparatide 20 μg daily (Forteo®, Eli
Lilly and Company, Indianapolis, IN, USA) by subcutaneous
injection for a maximum of 24months. Patients were followed
for 24 months after index teriparatide prescription.

Persistence and adherence

Persistence was determined as the time from the start of treat-
ment to the first 90-day gap between two teriparatide prescrip-
tions. Patients were classified as persisting with teriparatide
for ≤12 months or >12 months. Adherence was defined by the
number of teriparatide pens (each pen is intended for 1 month
of use) prescribed within the 24-month study period. Hence,
patients with a prescription for teriparatide were assumed to be
adherent if they were using one pen per month for the total
number of months where a prescription was recorded. The rate
of adherence was calculated by dividing the total number of
pens prescribed over a given period by the maximum number
of pens that could be used over that period. Although the NHI
reimbursement for teriparatide is for a maximum of 18 pens in
24 months, prescription of teriparatide is not required to go
through pre-authorization in Taiwan. Therefore, some patients
could have been prescribed more than the reimbursed maxi-
mum number of pens within the 24-month study period. The
concept of MPR is not used in the currently study because of
this special prescription restriction in Taiwan. Patients were
classified as being adherent for ≤12 months or >12 months of
teriparatide use.

Fractures

New nonvertebral fractures (ICD-9-CM codes hip: 820.x;
shoulder: 812.0x, 812.2x; forearm: 13.4x, 813.8x; clavicle:
810.0x; pelvis: 808.0, 808.2, 808.4x, 808.8; rib: 807.0x;
femur/upper leg: 821.00, 821.01, 821.21, 821.22, 821.23,
821.29, 822.9; lower leg: 823.0x, 823.2x, 823.4x, 823.8x)
occurring during the study period were summarized. New
fractures were defined as new fragility fractures that occurred
≥90 days after the index date in order to provide sufficient
time for therapeutic effects to begin after exposure to
teriparatide. Data for hip fracture were obtained from inpatient

claims; data for other fracture types were obtained from inpa-
tient and outpatient claims.

Statistical analysis

Patient demographic and clinical characteristics were summa-
rized for the total population and reported by persistence and
adherence groups. Assessment of imbalance was performed
using a two-sample t test for continuous variables and a chi-
squared test for categorical variables. A P value<0.05 was
considered statistically significant. The association of persis-
tence and adherence to teriparatide with fracture incidence
was assessed using unadjusted Kaplan–Meier curves and
Cox proportional hazard models. Patient data were censored
if patients reached the study endpoint (new nonvertebral frac-
ture) or were no longer covered by the NHI (a proxy measure
of death). Cox models were adjusted at baseline for demo-
graphics (age, sex, and previous fractures), and 12 months
prior to index teriparatide prescription for concomitant osteo-
porosis medications, other concomitant medications affecting
bone, and comorbidities. Models were also stratified by ad-
herence and persistence, and in some instances adherence was
treated as a time-varying covariate. Statistical analyses were
conducted using SAS version 9.4 (SAS Institute, Cary, USA).

Results

Patient characteristics

Of the 6,997,079 patients who lodged medical and pharmacy
claims in the NHIRD between 2005 and 2008, 4,624 were
included in the study (Fig. 1). Most (85.0 %) patients were
female and almost two thirds (65.5 %) of the patients were
aged ≥75 years (Table 1).

Prevalent vertebral and hip fractures were reported in 87.7
and 20.3 % of patients, respectively (Table 1).

Comorbidities and other medications

The majority (85.4 %) of patients had a diagnosis of osteopo-
rosis within 12 months of the index date (Table 1). The most
frequently reported (affecting >20 % of patients) comorbidi-
ties were asthma or chronic obstructive pulmonary disease
(27.6 %), cataracts (25.0 %), and diabetes mellitus (24.2 %)
(Table 1). Previous treatments for osteoporosis in the 12-
month pre-index period were alendronate (31.7 % of patients),
calcitonin (26.7 % of patients), raloxifene (20.2 % of patients),
and ibandronate (0.2 % of patients) (Table 1). Overall, close to
80 % of patients received previous treatment for osteoporosis
prior to the initiation of teriparatide. Common (>20 % of pa-
tients) concomitant medications prescribed during the pre-
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index period that affected bone included glucocorticoids
(29.7 %) and anticonvulsants (20.3 %).

After discontinuing teriparatide, 2,687 (58.1 %) patients
switched to one or more other osteoporosis medications. Of
these 2,004 (74.6 %) patients switched to one osteoporosis
medication only, 1,725 (64.2 %) switched to alendronate, 1,
149 (42.8 %) switched to raloxifene, and 572 (21.3 %)
switched to calcitonin.

Persistence

Persistence with teriparatide during the 24-month period was
low (Fig. 2). Less than half (44.6 %) of patients persisted with
teriparatide for >6 months, and only 1 in 4 (24.9 %) patients
persisted with teriparatide for >12 months. Persistence with
teriparatide for >12 months was greater in patients younger
than 75 years than in older patients (Table 1). The proportion
of patients persisting for >12 months was significantly
(P < 0.05) greater than the proportion persisting for
≤12 months in patients who received previous osteoporosis
medications (except for ibandronate), had previous vertebral
fractures, had cataracts, depression, or received immunosup-
pressants (Table 1). In contrast, the proportion persisting

>12 months was lower than the proportion persisting for
≤12 months in patients who had previous hip, leg, or shoulder
fractures, had renal diseases, or received glucocorticoids
(Table 1).

Adherence

Over the 24-month study period, 53.6 % of patients were
adherent for >6 months and 33.9 % were adherent for
>12 months. Adherence to teriparatide was greater in patients
younger than 75 years than among older patients (particularly
those ≥85 years) (Table 1). The proportion of patients who
were adherent for >12 months was significantly (P<0.05)
greater than the proportion who were adherent for ≤12months
in patients who received previous alendronate or calcitonin,
had previous vertebral fracture, had a diagnosis of osteoporo-
sis during the 12-month pre-index period, cataracts, or depres-
sion, or received immunosuppressants or hormone replace-
ment therapy. In contrast, the proportion of patients who were
adherent for >12 months was lower than the proportion who
were adherent for ≤12 months in patients who had previous
hip or leg fractures, or had diabetes mellitus or renal diseases
(Table 1).

Outpatients and inpatients entered into
the National Health Insurance Research

Database 2005 to 2008
N=6,997,079

Patients diagnosed with vertebral or hip
fractures within 12 months before or 90

days after the index date
N=4,692

Study population
N=4,624

Patients registered for first teriparatide
prescription claim 2005 to 2008

N=5,954

Patients aged ≥50 years
N=4,659

Patients without prescription claim for
teriparatide and miscoding data without

prices
N=6,991,125

Patients without diagnosis of fracture
N=1,262

Patients diagnosed with Paget’s disease
(N=2), aged <50 years old (N=30), or in

a motor vehicle traffic accident (N=1)

Patients who persisted with teriparatide
for >25 months

N=35

Fig. 1 Disposition of patients
with osteoporosis and diagnosis
of vertebral or hip fracture who
received teriparatide in Taiwan
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Effect of persistence and adherence on fracture

Persistence and adherence to teriparatide had a significant
effect on the risk of hip and other nonvertebral fractures
(Table 2, Fig. 3). Persistence for >12 months was associated

with a lower incidence of hip (adjusted hazard ratio [HR] 0.61,
95 % confidence interval [CI]: 0.40–0.93, P=0.0229) and
nonvertebral fractures (HR 0.79, 95 % CI: 0.63–0.99,
P = 0.0462) compared with patients persisting with
teriparatide for ≤12 months (Table 2). Adherence to

Table 1 Baseline demographics and disease characteristics of Taiwanese patients with osteoporosis and diagnosis of fracture

Characteristic Total population
(N = 4,624)

Persistence P valuea Adherence P valuea

≤12 months
(N= 3,471)

>12 months
(N= 1,153)

≤12 months
(N= 3,055)

>12 months
(N = 1,569)

Age, n (%) 0.0482 0.0430
50–64 years 342 (7.4) 245 (7.1) 97 (8.4) 211 (6.9) 131 (8.3)
65–74 years 1,251 (27.1) 915 (26.4) 336 (29.1) 812 (26.6) 439 (28.0)
75–84 years 2,250 (48.7) 1,705 (49.1) 545 (47.3) 1,488 (48.7) 762 (48.6)
≥85 years 781 (16.9) 606 (17.5) 175 (15.2) 544 (17.8) 237 (15.1)

Female, n (%) 3,932 (85.0) 2,927 (84.3) 1,005 (87.2) 0.0193 2,574 (84.3) 1,358 (86.6) 0.0382
Prevalent fracture, n (%)b

Vertebral 4,056 (87.7) 2,997 (86.3) 1,059 (91.8) <0.0001 2,611 (85.5) 1,445 (92.1) <0.0001
Hip 937 (20.3) 766 (22.1) 171 (14.8) <0.0001 695 (22.7) 242 (15.4) <0.0001
Leg 344 (7.4) 291 (8.4) 53 (4.6) <0.0001 270 (8.8) 74 (4.7) <0.0001
Forearm 153 (3.3) 120 (3.5) 33 (2.9) 0.3277 103 (3.4) 50 (3.2) 0.7394
Shoulder 123 (2.7) 103 (3.0) 20 (1.7) 0.0242 90 (2.9) 33 (2.1) 0.0918
Pelvis 80 (1.7) 59 (1.7) 21 (1.8) 0.7839 53 (1.7) 27 (1.7) 0.9724
Rib 79 (1.7) 66 (1.9) 13 (1.1) 0.0789 59 (1.9) 20 (1.3) 0.1028
Clavicle 17 (0.4) 16 (0.5) 1 (0.1) 0.0689 14 (0.5) 3 (0.2) 0.1554

Osteoporosis, n (%)c 3,950 (85.4) 2,950 (85.0) 1,000 (86.7) 0.1468 2,587 (84.7) 1,363 (86.9) 0.0457
Comorbidities, n (%)
Asthma or COPD 1,275 (27.6) 978 (28.2) 297 (25.8) 0.1115 865 (28.3) 410 (26.1) 0.1158
Cataracts 1,154 (25.0) 834 (24.0) 320 (27.8) 0.0113 733 (24.0) 421 (26.8) 0.0347
Diabetes mellitus 1,121 (24.2) 855 (24.6) 266 (23.1) 0.2835 768 (25.1) 353 (22.5) 0.0473
Crohn’s disease 766 (16.6) 569 (16.4) 197 (17.1) 0.5835 522 (17.1) 244 (15.6) 0.1836
Liver disease 527 (11.4) 402 (11.6) 125 (10.8) 0.4931 348 (11.4) 179 (11.4) 0.9860
Alzheimer’s disease 510 (11.0) 373 (10.7) 137 (11.9) 0.2861 324 (10.6) 186 (11.9) 0.1992
Ischemic stroke 461 (10.0) 338 (9.7) 123 (10.7) 0.3611 293 (9.6) 168 (10.7) 0.2301
Depression 433 (9.4) 306 (8.8) 127 (11.0) 0.0264 260 (8.5) 173 (11.0) 0.0054
Parkinson’s disease 301 (6.5) 223 (6.4) 78 (6.8) 0.6849 197 (6.4) 104 (6.6) 0.8143
Shoulder/forearm fracture 244 (5.3) 195 (5.6) 49 (4.2) 0.0718 167 (5.5) 77 (4.9) 0.4209
Kyphosis/kyphoscoliosis 238 (5.1) 187 (5.4) 51 (4.4) 0.1992 168 (5.5) 70 (4.5) 0.1305
Renal disease 215 (4.6) 178 (5.1) 37 (3.2) 0.0073 163 (5.3) 52 (3.3) 0.0020
Hyperthyroidism 70 (1.5) 49 (1.4) 21 (1.8) 0.3237 44 (1.4) 26 (1.7) 0.5675
Fall 17 (0.4) 14 (0.4) 3 (0.3) 0.4865 13 (0.4) 4 (0.3) 0.3631

Previous osteoporosis medication, n (%)d

Alendronate 1,468 (31.7) 1,042 (30.0) 426 (36.9) <0.0001 890 (29.1) 578 (36.8) <0.0001
Calcitonin 1,233 (26.7) 890 (25.6) 343 (29.7) 0.0063 766 (25.1) 467 (29.8) 0.0006
Raloxifene 934 (20.2) 665 (19.2) 269 (23.3) 0.0022 594 (19.4) 340 (21.7) 0.0742
Ibandronate 9 (0.2) 6 (0.2) 3 (0.3) 0.5599 6 (0.2) 3 (0.2) 0.9697

Other concomitant medications affecting bone, n (%)d

Glucocorticoids 1,374 (29.7) 1,061 (30.6) 313 (27.1) 0.0276 935 (30.6) 439 (28.0) 0.0643
Anticonvulsants 939 (20.3) 697 (20.1) 242 (21.0) 0.5066 603 (19.7) 336 (21.4) 0.1796
Hormone replacement
therapy

149 (3.2) 102 (2.9) 47 (4.1) 0.0580 84 (2.7) 65 (4.1) 0.0006

Immunosuppressants 124 (2.7) 77 (2.2) 47 (4.1) 0.0007 64 (2.1) 60 (3.8) 0.0111
Hormone deprivation
therapy

17 (0.4) 13 (0.4) 4 (0.3) 0.8932 8 (0.3) 9 (0.6) 0.0972

COPD chronic obstructive pulmonary disease
a Determined using two-sample t test for continuous variables and chi-square test for categorical variables. P< 0.05 indicates statistical significance
bAll prevalent fractures occurring up to 90 days before the index date
c Diagnosis of osteoporosis within 12 months of the index date
dMedication received within 12 months of the index date
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teriparatide >12 months was associated with lower incidence
of hip (HR 0.66, 95 % CI: 0.46–0.96, P=0.0286; inpatient
claim data) and nonvertebral (HR 0.81, 95 % CI: 0.66–0.99,
P=0.0377; combined inpatient and outpatient claim data)
fractures compared with adherence ≤12 months) (Table 2).
No association between persistence or adherence and the in-
cidence of nonvertebral fracture was found at any individual
site other than the hip (Table 2).

Discussion

This is the first study to examine the association of persistence
and adherence to teriparatide with fracture risk in real-world
clinical practice in Taiwan.We found that both persistence and
adherence to teriparatide in Taiwanese patients with osteopo-
rosis were low, and that lower persistence and adherence were
associated with a significantly increased risk of hip and other
nonvertebral fractures in patients who had previous frac-
ture(s). Our results indicate that persistence and adherence to
teriparatide are inversely associated with fracture risk in pa-
tients with osteoporosis. Thus, improving patient persistence
and adherence has an important role in fracture prevention in
patients treated with teriparatide.

We found that the incidence of hip and all nonvertebral
fractures (when pooled for analysis) decreased significantly
with increasing persistence and adherence to teriparatide.
There were also reductions in the incidences of shoulder, fore-
arm, clavicle, pelvis, leg, and rib fractures with greater persis-
tence and adherence, although these were not statistically sig-
nificant due to low patient numbers. These findings are in
agreement with those from other real-world studies. In a sim-
ilar, real-world study in the USA, which used data from a
claims database, the risk of vertebral and nonvertebral frac-
tures decreased significantly with increasing persistence and
adherence to teriparatide [18]. In the European Forsteo
Observational Study, significantly greater reductions in

vertebral and nonvertebral fracture rates were observed in pa-
tients treated with teriparatide for 12 to 18 months compared
with those treated for 6 months or less [25]. However, it is also
important to acknowledge that adherence is not merely a ran-
dom behavior, and adherent patients may have superior out-
comes for many reasons unrelated tomedication usage. This is
supported by the observation that adherent patients adminis-
tered placebo fare better than nonadherent patients [26].

We found that the proportion of Taiwanese patients who
persisted with teriparatide for more than 12 months was low
(about 1 in 4). To our knowledge, this is the first study of
persistence with teriparatide in an Asian country other than
Japan. The persistence rate was lower than persistence rates
reported at 12 months in similar real-world studies in Japan
(61.0 %), the USA (56.7–69.0 %), and Europe (77.0 %) [18,
22, 25, 27]. One of the above studies [18] only included pa-
tients with two or more prescriptions for teriparatide. Despite
the more conservative definition of persistence in the Yu et al.
study (≤45 day gap between 2 prescriptions compared with
90 days), the persistence rate was still much higher than in the
current study (69.0 versus 24.9 %) [18]. The higher persis-
tence with teriparatide treatment in the above studies is prob-
ably because patients in Taiwan only receive reimbursement
for up to 18 months of use, even though the approved treat-
ment duration for teriparatide is up to 24 months. In addition,
the high workload common in many outpatient clinics in
Taiwan means that patients often do not receive the appropri-
ate education or instructions required, which may have result-
ed in suboptimal patient education in our study. Successful
implementation of a patient support program, consisting of
regular telephone-based, nurse-directed contact, has been
shown to enhance patient persistence through the provision
of ongoing education and self-management advice [28, 29].
Another recent strategy to increase persistence and address
care gaps in osteoporosis management has been the establish-
ment of coordinated care models, such as fracture liaison ser-
vices, which have resulted in higher rates of osteoporosis di-
agnoses [30], increased initiation of osteoporosis medications
for fracture risk reduction [31], and improved persistence with
medication regimens [31].

We found that the adherence rates in our study were also
low, with only 33.9 % of patients being adherent for
>12 months. This low rate of adherence is primarily because
of the restricted reimbursement criterion of up to 18 months of
use. However, adherence to antiosteoporotic drugs, in general,
is low in Taiwan. Low rates of adherence have been reported
for alendronate (38.2 % patients with MPR ≥80 % at
12 months) in Taiwan using the NHIRD [32], and to
bisphosphonates and calcitonin (37.5 % patients with MPR
≥80 % at 24 months) [33]. In a retrospective analysis of
NHIRD data from 32,604 patients initiating bisphosphonate
therapy in Taiwan, nearly 50 % of patients were found to be
nonadherent (MPR<80 %) to bisphosphonates at 3 months,

Fig. 2 Change in persistence with teriparatide treatment in patients with
osteoporosis and hip or other nonvertebral fractures in Taiwan
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Table 2 Cox proportional hazard regression of incidence of nonvertebral fracture by persistence and adherence

Fracture site Patients, n Incidence Unadjusted P value Adjusteda P value

HR (95 % CI) HR (95 % CI)

Hipb

Persistence ≤12 months 124 0.036 1.00 1.00

Persistence >12 months 26 0.023 0.61 (0.40, 0.94) 0.0232 0.61 (0.40, 0.93) 0.0229

Adherence ≤12 months 111 0.036 1.00 1.00

Adherence >12 months 39 0.025 0.66 (0.46, 0.95) 0.0271 0.66 (0.46, 0.96) 0.0286

Shoulderc

Persistence ≤12 months 47 0.014 1.00 1.00

Persistence >12 months 8 0.007 0.50 (0.24, 1.06) 0.0702 0.52 (0.24, 1.10) 0.0872

Adherence ≤12 months 43 0.014 1.00 1.00

Adherence >12 months 12 0.008 0.53 (0.28, 1.00) 0.0504 0.55 (0.29, 1.05) 0.0709

Forearmc

Persistence ≤12 months 46 0.013 1.00 1.00

Persistence >12 months 20 0.017 1.28 (0.76, 2.17) 0.3520 1.30 (0.76, 2.21) 0.3358

Adherence ≤12 months 44 0.014 1.00 1.00

Adherence >12 months 22 0.014 0.95 (0.57, 1.58) 0.8397 0.96 (0.57, 1.61) 0.8785

Claviclec

Persistence ≤12 months 11 0.003 1.00 1.00

Persistence >12 months 4 0.003 1.07 (0.34, 3.37) 0.9061 1.04 (0.33, 3.32) 0.9459

Adherence ≤12 months 9 0.003 1.00 1.00

Adherence >12 months 6 0.004 1.26 (0.45, 3.55) 0.6562 1.19 (0.42, 3.37) 0.7487

Pelvisc

Persistence ≤12 months 23 0.007 1.00 1.00

Persistence >12 months 4 0.003 0.51 (0.17, 1.48) 0.2140 0.54 (0.19, 1.58) 0.2629

Adherence ≤12 months 21 0.007 1.00 1.00

Adherence >12 months 6 0.004 0.54 (0.22, 1.34) 0.1820 0.57 (0.23, 1.43) 0.2337

Legc

Persistence ≤12 months 102 0.029 1.00 1.00

Persistence >12 months 25 0.022 0.72 (0.46, 1.11) 0.1366 0.80 (0.51, 1.24) 0.3174

Adherence ≤12 months 89 0.029 1.00 1.00

Adherence >12 months 38 0.024 0.81 (0.55, 1.18) 0.2657 0.90 (0.61, 1.33) 0.6031

Ribc

Persistence ≤12 months 28 0.008 1.00 1.00

Persistence >12 months 9 0.008 0.94 (0.45, 2.00) 0.8761 0.92 (0.43, 1.96) 0.8291

Adherence ≤12 months 24 0.008 1.00 1.00

Adherence >12 months 13 0.008 1.02 (0.52, 2.01) 0.9512 0.98 (0.50, 1.94) 0.9609

All nonvertebral fractures

Persistence ≤12 months 391 0.113 1.00 1.00

Persistence >12 months 95 0.082 0.71 (0.56, 0.88) 0.0022 0.79 (0.63, 0.99) 0.0462

Adherenced ≤12 months 352 0.115 1.00 1.00

Adherenced >12 months 134 0.085 0.71 (0.58,0.87) 0.0007 0.81 (0.66, 0.99) 0.0377

CI confidence interval, HR hazard ratio
a Adjusted results were controlled for age, sex, prevalent fractures, other osteoporosis medication use, other concomitant medications affecting bone, and
comorbid conditions; stratified by adherence and persistence
b Inpatient claims
c Inpatient and outpatient claims
d Time-varying covariate
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and approximately 70 % were nonadherent at 1 year [34]. A
significant association between adherence and refracture risk
was observed, with highly adherent (>80 %) patients
displaying significantly lower levels of refracture compared
to patients with low (<80 %) adherence [34]. In another study,
data from patients with (n=8,027) and without (n=79,388)
secondary fracture in Taiwan were retrospectively analyzed,
with a significant inverse association found between bisphos-
phonate therapy and the risk of secondary fracture [35].

Suboptimal persistence and adherence to antiresorptive
treatment is associated with increased risk of fragility fractures
[15, 17]. Despite this, improving persistence/adherence to os-
teoporosis medications remains a challenge in many Asian
countries. Persistence and adherence to osteoporosis medica-
tions varies throughout Asia, but is generally lower than in the
US and Europe. In a South Korean study of bisphosphonates,
only 6.7 % of patients with hip fractures had an MPR ≥80 %
and only 12.3 % persisted for 12 months [36]. In a pooled,
retrospective study of osteoporosis medication in Singapore,
83 % of patients had an MPR ≥80 % at 12 months [37],
including five patients on teriparatide with an average MPR
of 60 % [37]. In a study of postmenopausal women with

osteoporosis throughout Asia that compared raloxifene and
bisphosphonates, 50.2 and 37.5 % of patients completed the
12-month study, respectively [38]. The major reason given for
discontinuation for both groups was Blost to follow-up^ (33.1
and 37.5 % of patients in the raloxifene and bisphosphonate
groups, respectively) [38]. Other reasons included Bchose to
leave^, Bstopped treatment^, and Bchanged treatment^ [38].

A number of factors may contribute to the lower persis-
tence and adherence to osteoporosis medications in Taiwan
and in Asia in general. These factors include out-of-pocket
costs for patients due to high therapy costs, lack of health
insurance, inadequate follow-up, side effects of treatment,
lack of patient education, and asymptomatic disease [39,
40]. Furthermore, previous studies have shown that multiple
factors such as sex [41], health care provider (general practi-
tioner versus specialist) [41], and severity of disease [25] may
also affect persistence and adherence to teriparatide. The pri-
mary reasons for the low persistence and adherence to
teriparatide in Taiwan may be because of the restricted reim-
bursement criteria of up to 18months, inappropriate follow-up
of patients after discharge from hospital, and the fact that the
majority of prescribers of antiosteoporosis drugs in Taiwan are

Fig. 3 Kaplan–Meier curves of
cumulative incidence of hip (a, b)
and nonvertebral (c, d) fracture
occurring within 24 months of the
index date, by persistence (a, c)
and adherence (b, d)
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orthopedists, who are focussed primarily on fracture repair
and restoration of mobility [39]. Findings from a retrospective
study in Taiwan have shown that patients who receive
antiosteoporosis drugs from orthopedists have lower persis-
tence and adherence to treatment than patients who receive
antiosteoporosis drugs from bone specialists [39]. Cost is un-
likely to be a contributor to the low persistence and adherence
to teriparatide because patients in the NHIRD were reim-
bursed by the NHI with limited copayments.

In our study, a substantial proportion of patients (41.9 %)
were not prescribed osteoporosis medication subsequent to
teriparatide discontinuation. This finding is of concern given
that steady declines in BMD are expected following
teriparatide discontinuation [42]. Clinical trial evidence exam-
ining the effect of sequential therapy on bone markers sug-
gests that subsequent treatment with an antiresorptive, such as
alendronate, may help preserve and even extend BMD gains
achieved with ter ipara t ide therapy [43] . Unl ike
antiresorptives, teriparatide has been shown to stimulate bone
formation [44], restore trabecular microarchitecture [44], and
increase cortical thickness [44]. In the longer term, these
changes are expected to confer a reduced risk of vertebral
and nonvertebral fracture, though this has not yet been con-
clusively proven.

This study was a retrospective analysis of data obtained
from real-world clinical practice, which is strengthened by
the large sample size and generalizability to the Taiwanese
population. However, this study has several limitations com-
mon to studies of claims-based databases using administrative
codification. These include an inherent bias due to its retro-
spective design and, because the study data were obtained
from a claims database, there is no confirmation that
teriparatide was actually administered as indicated. Thus, frac-
ture incidence may be under- or overestimated and adherence
may be overestimated. However, in addition to adjusting for
the previously mentioned variables, sensitivity analyses were
conducted treating adherence as a time-dependant covariate
for inpatient and outpatient claims for all nonvertebral frac-
tures including hip. The HR point estimates (0.87, 95 % CI:
0.77–0.99; P=0.0288) from these analyses also indicated a
lower fracture risk with increased teriparatide exposure.
Further, while every attempt was made to exclude patients
with open and trauma-related fractures from the analysis,
some may have inadvertently been included due to the poten-
tial for improper coding of some fractures (such as ankle frac-
tures) and lack of routine trauma coding in clinical practice. In
addition, identification of osteoporosis occurred by ICD-9-
CM coding for osteoporosis and/or major prevalent osteopo-
rotic fractures (spine or hip fracture) as this was mandatory for
teriparatide reimbursement by the NHI. However, using this
approach, it is recognized that patients with previous fragility
fractures from other sites would be excluded. Finally, an eval-
uation of the association between post-discontinuation

treatment and fracture risk was not conducted due to the po-
tential influence of missing data and unmeasured confounders
inherent to claims databases such as the one used in our study.
This bias would be further exaggerated given the high switch
rate (58.1 %) from teriparatide to other osteoporosis
medications.

In conclusion, this is the first study to examine the associ-
ation of both persistence and adherence to teriparatide with
fracture risk in real-world clinical practice in Taiwan. The data
confirmed that greater persistence and adherence were associ-
ated with a significantly reduced incidence of nonvertebral
fractures (including hip fractures). However, both persistence
and adherence to teriparatide were low in Taiwanese patients
with osteoporosis. Programs supporting patient adherence and
persistence, such as patient support programs and fracture
liaison services, represent promising strategies to help address
shortfalls in osteoporosis management through the provision
of patient education and self-management techniques.
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