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Background: Factors determining bisphosphonate compliance are not fully understood. We 
examined fluctuations in oral bisphosphonate dosing intervals to gauge therapeutic compli-
ance in patients with osteoporosis.
Materials and Methods: Hospital data accruing between 2010 and 2017 were accessed to 
retrospectively study patients ≥50 years old (N=1873), each prescribed bisphosphonate at 
initial diagnosis of osteoporosis. The medication possession ratio (MPR), calculated as total 
days supplied divided by length of follow-up, served to measure therapeutic compliance. We 
compared MPRs of various prescription patterns (daily, weekly, monthly, and switch [ie, ≥1 
change in pattern] groups). We also analyzed the impact of age, sex, fracture history, surgical 
history, and comorbidities. Multiple regression analysis was ultimately performed, using 
MPR as a dependent variable.
Results: In our cohort (mean follow-up=5.7±2.4 years), once weekly dosing was the most 
common prescription pattern (1223/1873, 65.3%), as opposed to monthly (366/1873, 19.5%) 
or daily (164/1873, 8.8%) dosing. A total of 120 patients (6.4%) comprising the switch group 
changed dosing patterns during the study period. MPR was significantly higher in the switch 
group (32.8±22.7) than in the other three groups (daily, 21.9±25.9; weekly, 22.7±27.3; 
monthly, 23.2±27.7). In multiple regression analysis, younger age (P<0.001), female sex 
(P=0.004), and switching of prescription pattern (decrease or increase frequency) were 
factors significantly associated with higher MPR, signaling better compliance.
Conclusion: Better bisphosphonate compliance was associated with physician-modified 
dosing patterns. We therefore recommend adjustments of prescription intervals in poorly 
compliant patients requiring long-term treatment.
Keywords: bisphosphonate, compliance, medication possession ratio, MPR

Introduction
Osteoporosis is a chronic, systemic disease of bone metabolism, resulting in bony 
deterioration, diminished bone density and strength, and heightened risk of bone 
fracture.1,2 The goals of therapy are minimization of bone loss, mineral density 
replenishment, and improved microarchitectural integrity, thus mitigating the poten-
tial for skeletal fractures.3,4 The Korea Health and Nutrition Examination Survey 
database indicates a prevalence of 38.0% in women >50 years old, compared with 
7.3% in male counterparts.5 In 2012, 588,377 (1165 per 100,000) National Health 
Insurance registrants were newly diagnosed with osteoporosis.6

Given the chronicity and required long-treatment of this disease, drug compliance is 
essential for therapeutic success.7–12 Compliant patients experience fewer fractures 
overall, whether vertebral, non-vertebral, or hip fractures.13,14 Unfortunately, related 
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therapies have met with poor compliance in recently con-
ducted clinical studies, with first-year treatment lapses in two 
of every five patients.7,–15–17 The various factors involved in 
treatment compliance are not fully understood, although dos-
ing requirements, medical insurance impediments, medication 
costs, side-effects of medications, and patient–physician rap-
port are implicated.18,19

A number of agents, including antiresorptive agents (such 
as bisphosphonates), estrogen or selective estrogen receptor 
modulators, parathyroid hormone or its analog, and monoclo-
nal antibodies, have been developed and readily commercia-
lized for treatment of osteoporosis.20 Oral bisphosphonates are 
more often prescribed to women with clinically evident post-
menopausal osteoporosis or particular susceptibility to osteo-
porotic fractures to reduce their risk.21,22 In the past, 
manufacturers have suggested higher, less frequent bispho-
sphonate dosing (weekly, monthly, or quarterly) to encourage 
compliance, lessen chances of adverse effects, and minimize 
user inconvenience without sacrificing efficacy. These alter-
nate dosing schedules have now outpaced daily dosing. 
According to some sources, compliance may be enhanced 
through weekly (vs. daily) bisphosphonate regimens,23–25 

whereas weekly and monthly dosing comparisons yield 
mixed results.25,26 Furthermore, we have found little informa-
tion on dosing shifts or their consequences in this setting.27 

The impact of bisphosphonate prescription patterns on patient 
compliance is thus open to debate.

Under these circumstances, we endeavored to assess 
compliance in patients prescribed bisphosphonates for 
osteoporosis, focusing on dosing patterns. Comparable 
research available to date is largely confined to 1-year 
periods, essentially ignoring long-term trends.17,–28–30 

Our data were collected from medical records and tele-
phone interviews, spanning periods of up to 9 years. We 
hypothesized that dosing patterns would affect compliance 
in patients prescribed bisphosphonates. We also hypothe-
sized that switching of prescription patterns would 
improve compliance by minimizing its declines over time.

Materials and Methods
Study Design and Source of Data
This retrospective, observational cohort study was under-
taken with the approval of the institutional review board at 
CHA University (No. 2018–10-024-004), using hospital 
database parameters to evaluate therapeutic compliance 
in newly prescribed users of oral bisphosphonates. The 
informed consent was waived because the analysis used 

anonymous clinical data with the retrospective design. 
Data were retrieved from orders communicated and elec-
tronic medical record systems in which diagnostic and 
prescription claims data for each patient are archived. To 
generate more precise patient profiles and characteristics, 
all patients with insufficient information were indirectly 
contacted and interviewed via telephone conversations 
after initially assessing the data.

Selection of Study Subjects
Study candidates were older adults (≥50 years) for 
whom anti-osteoporotic agents were prescribed at initial 
diagnosis of osteoporosis within the period of study 
(January 2010 to December 2017). The International 
Statistical Classification of Diseases and Related 
Health Problems, 10th revision (ICD-10) was applied, 
restricting candidates to the following diagnostic codes: 
M80, Osteoporosis with pathological fracture; M81, 
Osteoporosis without pathological fracture; or M82, 
Osteoporosis in diseases classified elsewhere.

Exclusion criteria were as follows: (1) prior history of 
prescribed anti-osteoporotic agent (n=1113); (2) use of non- 
bisphosphonate anti-osteoporotic medication during the study 
period (n=1180); and (3) parenteral (IV) bisphosphonate 
administration (n=320). Ultimately, 1873 patients qualified 
for study. A schematic of the selection process is shown in 
Figure 1.

Measurement of Compliance
Compliance was measured by using a medication posses-
sion ratio (MPR). In this study, it was defined as the 
proportion of medication supply obtained in relation to 
medication supply expected during the follow-up 
period.31 All study subjects were newly diagnosed with 
osteoporosis and followed-up for its treatment. No subjects 
discontinued their prescriptions due to drug holiday. 
Therefore, we calculated MPR as the proportion of total 
daily supply divided by length of follow-up. For example, 
three packets (four pills each) of weekly bisphosphonate 
prescribed in the course of 1 year yield the following 
MPR: [(3 packets×4 pills×7 days)/365 days]×100=23 (%).

All bisphosphonates dispensed at our institution during 
the study period were closely monitored. In purchasers of 
bisphosphonate, prescription patterns (ie, dosing intervals 
from index date to study completion) were grouped as 
daily, weekly, monthly, and switch (switched ≥1 time dur-
ing study period).
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Previous osteoporotic fractures of spine, hip, distal 
radius, or proximal humerus were tracked, along with 
primary diagnosis, and coded as follows: M80, 
Osteoporosis with pathological fracture; S72.0, Fracture 
of neck of femur; S72.1, Pertrochanteric fracture; S22.0, 
Fracture of the thoracic vertebra; S22.1, Multiple fractures 
of the thoracic spine; S32.0, Fracture of lumbar spine and 
pelvis; M48.4, Fatigue fracture of vertebra; M48.5, 
Collapsed vertebra, NEC; S52.5, Fracture of lower end 
of radius; S52.6, Fracture of lower end of both ulna and 
radius; S42.2, Fracture of upper end of humerus; or S42.3, 
Fracture of shaft of humerus. Fracture histories were con-
firmed through chart reviews, and surgical procedures for 
osteoporotic fractures were investigated.

Statistical Analyses
All numerical values were expressed as mean±standard 
deviation. To compare MPRs and follow-up periods by 
subgroup, ANOVA with LSD as post hoc test, independent 

t-test, or paired t-test was used. Multiple regression analy-
sis was invoked to ascertain significant variables impact-
ing MPR. All computations entailed standard software 
(SPSS v23 for Windows; IBM Corp, Armonk, NY, 
USA), setting significance at P<0.05.

Results
Demographics and clinical characteristics of the study 
population are summarized in Table 1. The most common 
pattern among prescriptions issued was weekly dosing 
(1223/1873, 65.3%), followed by monthly (366/1873, 
19.5%) and daily (164/1873, 8.8%). These 1753 patients 
maintained their initial regimen. The remaining 120 
patients (6.4%) switched dosing patterns during the study 
period. Among the 120 patients, the initial regimen was 
weekly dosing (77/120, 75.8%), followed by monthly (29/ 
120, 24.2%) and daily (14/120, 11.7%). Dosing frequency 
was decreased in 77 patients at 2.3±1.4 years. On the other 
hand, it was increased in 43 patients at 3.2±1.8 years.

Figure 1 Schematic of process for subject selection.
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MPR was significantly higher in the switch group (32.8 
±22.7%), compared with daily (21.9±25.9%), weekly (22.7 
±27.3%), or monthly (23.2±27.7%) patterns; and the latter 
three groups (daily, weekly, monthly) did not differ signifi-
cantly in terms of MPR (Figure 2). The length of follow-up 
period was 5.7±2.5 years (range=1.8−8.6, median=6.0) in 
daily, 5.7±2.3 years (1.7−9.3, 6.8) in weekly, 5.5±2.5 years 
(1.8−9.4, 6.0) in monthly, and 5.5±2.2 years (2.3−9.9, 5.0) in 
switch group, respectively. The four groups did not differ 
significantly in terms of the follow-up period (P=0.126 
−0.987).

Mean age at initial diagnosis of osteoporosis was 
67.1±9.9 years. Mean MPR was 26.6±29.4% for patients 

in their 50s, significantly surpassing values of those in 
their 60s (23.0±26.0%; P=0.031), 70s (22.1±26.0%; 
P=0.008), or 80s and beyond (20.3±26.8%; P=0.005) 
(Figure 3).

In comparing MPRs of various patient subgroups, 
including men (n=324) vs women (n=1549), fracture 
history (n=85) vs none (n=1788), surgical history 
(n=67) vs none (n=1806), hypertension (n=236) vs 
none (n=1637), and diabetes mellitus (n=131) vs none 
(n=1742), only men (19.8±26.0%) and women (24.1 
±27.2%) differed significantly (P=0.008), women lead-
ing men in compliance. No other outcomes reached 
statistical significance (Figure 4).

Table 1 Demographics and Clinical Characteristics of Study Subjects

Total N (%) Daily Weekly Monthly Switch

1873 (100) 164 (8.8) 1223 (65.3) 366 (19.5) 120 (6.4)

Age, years 50–59 495 (26.4) 35 (21.3) 368 (30.1) 73 (19.9) 19 (15.8)

60–69 607 (32.4) 40 (24.4) 413 (33.8) 103 (28.1) 51 (42.5)
70–79 555 (29.6) 63 (38.4) 324 (26.5) 128 (35.0) 40 (33.3)

≥80 216 (11.5) 26 (15.9) 118 (9.6) 62 (16.9) 10 (8.3)

Sex Male 324 (17.3) 18 (11.0) 259 (21.2) 31 (8.5) 16 (13.3)

Female 1549 (82.7) 146 (89.0) 964 (78.8) 335 (91.5) 104 (86.7)

Fracture history Yes 85 (4.5) 9 (5.5) 38 (3.1) 25 (6.8) 13 (10.8)

Surgical history Yes 67 (3.6) 10 (6.1) 30 (2.5) 18 (4.9) 9 (7.5)

HTN Yes 236 (12.6) 12 (7.3) 140 (11.4) 56 (15.3) 28 (23.3)
DM Yes 131 (7.0) 8 (4.9) 81 (6.6) 33 (9.0) 9 (7.5)

Abbreviations: HTN, hypertension; DM, diabetes mellitus.

Figure 2 Compliance (medication possession ratio) according to dosing pattern 
(daily, weekly, monthly, and switch groups). Figure 3 Compliance (medication possession ratio) according to patient age.
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Multiple Regression Analysis
As above, younger age, female sex, and switching of 
prescription pattern emerged as variables significantly 
associated with better compliance (ie, higher MPR). 
Multiple regression analysis was then performed to 
gauge the impact of these three elements on MPR, adjust-
ing for other factors including the length of follow-up 
period. With MPR as a dependent continuous variable, 
younger age (P<0.001), female sex (P=0.004), and switch-
ing of prescription pattern were all associated with higher 
MPR. Both decreasing and increasing frequencies were 
related to higher MPR (P=0.013 and 0.005, respectively). 
The length of follow-up period was negatively and signif-
icantly associated with the MPR (P<0.001). Details are 
provided in Table 2.

Discussion
We evaluated oral bisphosphonate compliance in patients 
with osteoporosis, focusing on fixed and fluctuating dosing 
intervals. The chief discovery was that non-static prescrip-
tion patterns were related to better therapeutic compliance. 
Although patient age and sex were also significant influ-
ences, coexisting chronic diseases (hypertension, dia-
betes), past osteoporotic fractures, and surgeries related 

to such fractures were not. Treatment compliance is criti-
cal in preventing osteoporotic fractures. A number of ear-
lier studies have underscored the relation between poor 
compliance and unfavorable clinical outcomes.14,19,32,33 

Research efforts aimed at improved compliance must 
therefore be intensified. In addition, it is advisable to 
take all possible actions to maximize compliance rate. 
Given this point, it is encouraging that physician- 
modified dosing schedules, unlike less malleable para-
meters (ie, demographics and clinical characteristics), 
may actually improve compliance.

By analyzing data of the Hungarian National Health 
Insurance Fund Administration, Lakatos et al34 found 
greater persistence and compliance with anti-osteoporotic 
therapies if dosing was less frequent and parenteral in 
form. Other studies have similarly concluded that broader 
dosing intervals and injectable formulations increase per-
sistence and compliance, thereby improving clinical 
outcomes.7,9,35,36 In our cohort, MPRs among daily, 
weekly, and monthly dosing groups (21.9±25.9, 22.7 
±27.3, and 23.2±27.7, respectively) did not differ signifi-
cantly. It is notable, however, that switching prescription 
patterns (decrease or increase dosing frequency) signifi-
cantly boosted MPR, perhaps by minimizing declines in 

Figure 4 Compliance (medication possession ratios) within opposing patient subgroups (sex, fracture history, surgical history, HTN, and DM). *Statistically significant. 
Abbreviations: HTN, hypertension; DM, diabetes mellitus.
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compliance throughout the study period. In fact, the mean 
MPR in the switch group was 32.1±20.5 before switching 
prescription pattern and 33.3±25.6 after switching, respec-
tively. The two values were not significantly different 
(P=0.055). The added opportunities to educate patients 
on new medications and restate the hazards of osteoporosis 
may likewise have proved beneficial. To be sure, valida-
tion of causality was limited by our retrospective design. 
In our cohort, switching the patterns or not was not ran-
domly assigned, and it was a major limitation of our study. 
Randomized prospective studies are needed to validate this 
particular finding.

In another publication, Solomon et al reported female 
sex and younger as factors associated with increased 
compliance.15 This is aligned with our results, in which 
female sex and younger age were significantly linked 
with better compliance. Regarding the effects of sex 
and age on persistence, Ideguchi et al37 reported signifi-
cant associations of male sex and older age with low 
medication persistence. Female patients of younger age 
are expected to have more serious concerns about osteo-
porosis, which would have led to a higher rate of com-
pliance. Although we cannot conclude the effects of sex 
and age considering the complexity of bisphosphonate 
compliance,18,19 patients of male sex or older age may 
be major target groups aimed to improve compliance and 
persistence. In addition to older age, the number of co- 
morbidities and number of concomitant medications were 
associated with worse persistence among women with 
postmenopausal osteoporosis.18 Initially, we had thought 
that histories of osteoporotic fractures or related surgeries 

might bolster awareness of bone health, increasing 
patient compliance. However, such events did nothing 
to spur compliance and could not be used as therapeutic 
cudgels. Nevertheless, physicians should not be overcon-
fident about the drug compliance in such patients.

Herein, the MPR (mean=23.4±27.1) served to gauge 
compliance, falling short of values cited in a previous meta- 
analysis (range=54.6–81.3).32 This discrepancy is explain-
able by our observation period (5.7±2.4 years), which 
exceeded those of previous studies.17,–28–30,32 Compliance 
is known to diminish over time,27,38 jeopardizing patient 
outcomes, so developing strategies for long-term compli-
ance is imperative. To adjust the effect of variations in 
follow-up periods on MPR, the length of follow-up was 
included in the regression model in Table 2. In fact, it was 
negatively and significantly associated with the MPR. The 
relatively low long-term compliance we observed highlights 
the need for new strategies to ensure compliance. We 
believe that our finding of switching of prescription 
patterns is noteworthy considering adjustments for other 
various factors by using the regression model. Owing to 
the relatively low MPR and longer period of study, we 
considered MPR a dependent continuous variable during 
multiple linear regression analysis, rather than determining 
its cutpoint.

A national health database ensures access to many 
subjects, although details are sometimes incomplete. We 
relied on hospital records, generating fewer subjects but 
more precise patient profiles and disease characteristics 
that could be corroborated during telephone interviews. 
All enrollees with insufficient information were 

Table 2 Multiple Regression Analysis of Patient Parameters (N=1873), Medication Possession Ratio (MPR) as a Dependent Variable

Non-Standardized Coefficients Standardized Coefficients t P

B Std Error Beta

(Constant) 44.441 4.695 9.465 <0.001

Age −0.289 0.065 −0.106 −4.473 <0.001
Sexa 4.732 1.645 0.066 2.877 0.004

Fractureb 6.471 4.221 0.050 1.536 0.125

Surgeryb −3.354 4.702 −0.023 −0.713 0.476
HTNb 2.240 2.020 0.027 1.109 0.268

DMb −1.639 2.591 −0.015 −0.632 0.527

Initial Regimenc 0.011 0.065 0.004 0.177 0.860
Switchingb (Decrease Frequency) 7.813 3.143 0.057 2.486 0.013

Switchingb (Increase Frequency) 11.773 4.207 0.065 2.798 0.005

Follow-Up Period −1.164 0.263 −0.102 −4.431 <0.001

Notes: aCoded as Male=0; Female=1. bCoded as No=0; Yes=1. cCoded as Daily=1, weekly=7; monthly group=30. 
Abbreviations: HTN, hypertension; DM, diabetes mellitus.
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individually interviewed by phone after carefully assessing 
medical records data. Despite their low numbers, the body 
of information was reliable. The relatively small number 
of our subjects was still a limitation. Nevertheless, using 
our number of subjects and their reliable data, we could 
obtain the statistical significance of our principle finding.

There were other limitations of our study, one being the 
assumption that MPR is a valid surrogate for proper med-
ication intake; and bias due to various patient health beha-
viors (not addressed at this time) was a potential concern. 
It is also quite possible that MPR values derived from 
prescription claims only (no patient input) were overesti-
mated. Secondly, there might be a chance that the patients 
had a bisphosphonate drug holiday. However, optimal 
treatment durations for bisphosphonates remain controver-
sial. Moreover, we did confirm that no subjects discontin-
ued their prescriptions due to the corresponding issue. 
Lastly, we did not include other anti-osteoporotic drugs. 
Because bisphosphonates account for ~90% of anti- 
osteoporotic treatment,39 they were the sole consideration.

Conclusion
In patients prescribed oral bisphosphonates for osteo-
porosis and followed for an average of 5.7 years, younger 
age, female sex, and switching of dosing intervals were 
factors associated with better compliance. It should be 
emphasized that better compliance was related to change 
of the prescription pattern, which was modifiable by 
physicians. Such prescription modifications seem produc-
tive and are easily undertaken. Physicians are encouraged 
to do so in poorly compliant patients requiring long-term 
treatment.
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