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Bisphosphonate (BPN) therapy, which mainly targets osteoporosis, evolves rapidly, leaving patients and physi-
cians with a substantial collection of BPN regimen options. In this study, we aimed to clarify BPN medication 
adherence between weekly and monthly regimens using a nationwide claims database in Japan. We analyzed 
5,016 patients with a screening period of 3 months and a 12 month observation period who started using BPN. 
We used propensity score matching with baseline patient background after dividing the patients into two groups: 
weekly and monthly BPN users. Medication adherence was calculated using proportion days cover (PDC). 
A PDC of > 80% was 55.9% and 52.5% in monthly and weekly formulas, respectively, during the 12 months 
after initiating BPN treatment. PDC-based BPN medication adherence was higher in monthly regimens than 
in weekly regimens (66.3±34.0 vs. 64.1±36.8%). No differences were found in the proportion of patients with 
> 80% medication adherence between the monthly and weekly regimens after stratifying patient background 
using propensity score matching. Our clinical findings highlight the importance of closely monitoring BPN medi-
cation adherence, particularly during the initial year of therapy. Notably, half of the patients with osteoporosis 
exhibited low medication adherence. Therefore, prioritizing monthly regimens over weekly regimens is crucial to 
promote BPN adherence and ensure optimal treatment outcomes.

1. Introduction
The main target group for bisphosphonate (BPN) therapy, patients 
with osteoporosis, present decreasing bone density and microstruc-
ture collapse that results in vulnerability and is typically observed 
in the femoral head and ulnar and distal radii fractures (Manolagas 
2000). Globally, the prevalence of osteoporosis is consistently high 
in women and the elderly (Chen et al. 2018; Hernlund et al. 2013; 
Khosla et al. 2011; Wright et al. 2014; Yoshimura et al. 2022).
BPN medication adherence strongly relates to vertebral fracture 
reduction (Kim et al. 2022; Siris et al. 2006), and by following 
this finding, higher BPN medication adherence would likely lead 
to less vertebral fractures (Kim et al. 2022). However, in terms of 
long term BPN administration, physicians are considering recom-
mending “drug holidays” to balance the risk and benefit effects, 
considering fracture risks and medical cost (Wang et al. 2022). 
Previously, the adequate period for BPN administration was recon-
sidered to include a “drug holiday” after approximately five years 
of treatment (Adler et al. 2016; Anagnostis et al. 2017; National 
Osteoporosis Guideline Group, 2021). In contrast, clinical trial 
evidence indicated that health resource use induced a protective 
effect for fractures following BPN discontinuation, but was not 
sufficient to reduce medical cost burdens (Ferguson et al. 2016). 
In fact, switching from BPNs to placebo did not enhance fracture 
risk without high risk women (Black et al. 2006, 2012). Any 
researchers agreed with short-term BPN medication adherence that 
provides desirable outcomes, including medical costs for only one 
year (Black et al. 2000). Furthermore, the National Osteoporosis 
Guidelines Group UK (NOGG) recommended BPN medication 
adherence assessment for one year after initiating BPN (National 
Osteoporosis Guideline Group, 2021).

BPNs use is facilitated by several dosing regimens, such as daily, 
weekly, monthly, half yearly, and annually based on improving 
medication adherence. It was reported that monthly regimens 
exhibited high medication adherence compared to daily or weekly 
regimens in 2015 using medical information from a national 
university in Japan (Kishimoto and Maehara 2015) Kosaka et al. 
(2021) further reported that longer regimens have higher BPN 
medication adherence in > 60 years old postmenopausal women, 
based on medication information in the Tokyo metropolitan area of 
Japan between October 2012 and January 2018. BPN medication 
adherence is changing over time (Laius et al. 2017) as it is affected 
by complexation among various regimens (drug formulas), new 
drug use, changing medication cost including generic drugs, or 
other patients background factors. Conclusively, previous research 
indicates that daily regimens are associated with low BPN medi-
cation adherence.
However, studies that compare weekly and monthly regimens with 
well-balanced co-variables and use a nationwide research database 
are lacking. Therefore, we aimed to clarify BPN medication adher-
ence, focused on weekly and monthly regimens, using a nation-
wide claim database in Japan.

2. Investigations and results

2.1. Patient background
Two sets of patients (n=2,772; female/male: 2,155/617; age: 
56.9±9.9 years old and n=2,244; female/male: 1,942/302; age: 
59.6±8.5 years old) received BPN weekly and monthly respec-
tively. In these patients, insured individuals were 42.7% (n=1,184) 
and 35.2% (n=789), respectively. Comorbidities, including 
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diabetes mellitus, rheumatoid arthritis, and chronic kidney disease, 
were higher in the weekly BPN group. Standard differences ranged 
from 0.01–0.30 (Table 1). After 1:1 propensity score matching, the 
standard differences were within 0.03 in both groups. Briefly, the 
average age for weekly and monthly group for 59.4 and 59.3 years 
old, and female was 85.7% in both groups. Insured individuals were 
35.8 and 35.9%. Nine comorbidities were comparable between 
weekly and monthly BPN groups.

stratification. The prevalence rate ratio with 95% CI for > 80% 
PDC, were 1.06 (0.98–1.15) for males and 1.08 (0.86–1.30) for 
females, respectively, using the weekly regimen as reference. 
There were no differences in age, insurance status, or comorbidi-
ties between the weekly and monthly regimens.

3. Discussion
We clarified differences of BPN medication adherence between 
weekly and monthly regimens using a geographically-low biased 
dataset of patients treated with BPN in Japan.
The proportion of high BPN medication adherence > 80% was 
higher in monthly regimens compared to weekly regimens after 
propensity matching using PDC (55.9% vs. 52.5%) (Table 1, 
Fig. 2). The trend of higher medication adherence in monthly 
regimens was higher than in weekly or daily regimens in previous 
reported data in Japan and France (Cotté et al. 2010; Kishimoto 
and Maehara, 2015; Kosaka et al. 2021). Low BPN medication 
adherence was intensively correlated with hip or vertebral fractures 
(McCombs et al. 2004). The fracture prevalence was 16% lower 
for > 80% BPN medication adherence compared to < 80% (Caro et 
al. 2004). These findings suggest that half of osteoporosis patients 
still face the risk of fracture and should maintain BPN medica-
tion adherence from the initiation of the medication. The reasons 
for BPN discontinuation were reported as gastroenterologically 
related, including adverse events, low motivation, safety concerns, 
or medication cost, by the questionnaire survey (Carr et al. 2006; 
Rossini et al. 2006). This suggests that patients may partially prefer 
low frequency BPN administration, such as monthly compared 
to weekly regimens, because of the lower chance of oral intake 

Fig. 1: Patients identification workflow for patients starting weekly or monthly bis-
phosphonate treatment.

Table 1: Patient characteristics

Before propensity score matching After propensity score matching

Weekly
group n=2,772

Monthly group
n=2,244

P value Std diff Weekly group
n=2,105

monthly group
n=2,105

P value Std diff

Sex (female), n (%) 2,155 (77.7%) 1,942 (86.5%) < 0.0001 0.23 1,803 (85.7%) 1,803 (85.7%) 1.0000 0.00

Age (year), average (±SD) 56.9 (9.9) 59.6 (8.5) < 0.0001 0.30 59.4 (8.4) 59.3 (8.6) 0.8377 0.01

Insured individual, n (%) 1,184 (42.7) 789 (35.2) < 0.0001 0.16 754 (35.8%) 755 (35.9%) 0.9744 0.00

Comorbidity

Neoplasms (C00-D48), n (%) 619 (22.3%) 502 (22.4%) 0.9728 0.00 459 (21.8%) 461 (21.9%) 0.9405 0.00

Hypertensive diseases (I10-I15), n (%) 813 (29.3%) 743 (33.1%) 0.0040 0.08 650 (30.9%) 664 (31.5%) 0.6415 0.01

Diabetes mellitus (E10-E14), n (%) 1,134 (40.9%) 775 (34.5%) < 0.0001 0.13 743 (35.3%) 747 (35.5%) 0.8974 0.00

Disorders of lipoprotein metabolism and other lipidaemias 
(E78), n (%)

950 (34.3%) 883 (39.3%) 0.0002 0.11 780 (37.0%) 788 (37.4%) 0.7987 0.01

Other rheumatoid arthritis (M06), n (%) 526 (19.0%) 360 (16.0%) 0.0068 0.08 333 (15.8%) 344 (16.3%) 0.6444 0.01

Hyperparathyroidism and other disorders of parathyroid gland 
(E21), n (%)

75 (2.7%) 84 (3.7%) 0.0370 0.06 61 (2.9%) 73 (3.5%) 0.2921 0.03

Chronic kidney disease (N18), n (%) 115 (4.1%) 54 (2.4%) 0.0007 0.10 54 (2.6%) 54 (2.6%) 1.0000 0.00

Atherosclerosis of aorta (I70), n (%) 171 (6.2%) 158 (7.0%) 0.2147 0.04 141 (6.7%) 145 (6.9%) 0.8065 0.01

Other chronic obstructive pulmonary disease (J44), n (%) 30 (1.1%) 22 (1.0%) 0.7232 0.01 21 (1.0%) 20 (1.0%) 0.8753 0.00

Std diff, standard differences

2.2. Primary and secondary endpoints
A primary endpoint of the proportion for the number of patients 
with > 80% of BPN medication adherence using PDC after propen-
sity score matching was 52.5% and 55.9% in weekly and monthly 
BPN groups (p=0.0239), respectively, within the 12-month 
observation periods (Fig. 2). The proportion was suppressed but 
exhibited a consistent trend compared to that before propensity 
score matching (51.9% and 56.1%, p=0.0034). The secondary 
endpoint for average PDC after propensity score matching was 
higher in monthly regimens than in weekly regimens (66.3±34.0 
and 64.1±36.8%, respectively, p=0.0313).
We conducted several sub-group analyses by stratifying baseline 
covariates (Table 2). Overall, our findings did not show a differ-
ence in the proportion of patients with high medication adherence 
(> 80% PDC) between the monthly and weekly regimens following 

Fig. 2: Study patient proportion with > 80% of days covered that started weekly or 
monthly bisphosphonate treatment with propensity score matching. a) Before 
and b) After propensity matching. PDC, proportion days cover.

56,1%
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that directly impairs gastroenterological adverse events. However, 
controversial effects are reported associated with BPN injectable 
formulas, considering the low gastrointestinal adverse events and 
without directly impairing the esophagus, such as high and low 
persistence as compared to that of starting oral BPN formula in over 
middle age women (Durden et al. 2017; Modi et al. 2017) and from 
meta-analysis (Bastounis et al. 2022). Although the discrepancy is 
unclear, the advantages and disadvantages of high medication adher-
ence in BPN may be complex. Our results could not reveal char-
acteristics for high medication adherence or patient background in 
the sub-group analysis (Table 2). However, as mentioned above, the 
criteria for medication adherence should be updated and combined 
with patient knowledge or beliefs in future studies.
Our study patients exhibited that BPN medication adherence (as 
assessed by PDC) was 64% and 66% in weekly and monthly 
formulas, respectively. This finding was lower than that of previous 
studies that assessed the medication possession ratio (MPR) for 
64–79.4% (weekly) and 70–84.5% (monthly) BPN formulas 
(Cotté et al. 2010; Kishimoto and Maehara, 2015; Kosaka et al. 
2021). The MPR calculation estimates a higher trend if patients 
have overlapped medication refills (Loucks et al. 2022). This is one 
possible reason for the difference between the PDC values calcu-
lated for our patients and other studies for MPR. We confirmed 
that BPN medication adherence in weekly regimens is consistently 
low. Rabenda et al. (2008) reported that a 1% decrease in BPN 
medication adherence was associated with an increase of 0.4% 
in hip fracture occurrence, as assessed by MPR (Rabenda et al. 
2008). It is essential that medical staff is aware that approximately 
50% of patients with osteoporosis have low medication adherence. 
Therefore, it is crucial to prioritize efforts toward promoting and 
improving medication adherence, as well as staying updated on 
information regarding BPN medication adherence.
This study has several limitations. First, analyses were performed 
using propensity score matching. This analysis provides matching 
in both groups for weekly and monthly BPN formulas. In other 
words, patients that do not match are removed from our analysis as 
a propensity score matching-dependent limitation. Secondly, the 
JMDC dataset includes patients of < 74 years old. Although our 
data mainly covered the middle aged patients with osteoporosis, 
evidence for < 74 years old is also important as a healthy life 
expectancy is 73 and 75 years old for males and females, respec-
tively (Ministry of Health, Labour and Welfare, 2021).

In conclusion, we elucidated the disparity in BPN medication 
adherence between weekly and monthly regimens for the first year 
of treatment. Our clinical data analysis for up to 2019 highlights 
the importance of closely monitoring BPN medication adherence, 
particularly during the initial therapy year. Notably, half of the 
patients with osteoporosis exhibit low medication adherence. 
Accordingly, prioritizing monthly regimens over weekly regimens 
presents a viable alternative to promote BPN adherence and ensure 
optimal treatment outcomes.

4. Experimental

4.1. Data source
The Japan Medical Data Centre (JMDC) claims its database contains anonymized 
patient data. The cumulative dataset contains approximately 13 million individuals 
(inpatients, outpatients, and pharmacy claims), covering approximately 90% of hospi-
tals in Japan (as of September 2021). All patients in the JMDC database have “social 
insurance” that covers the working person and their family. As of September 2021, the 
database represents 10.0% of the Japanese population (Nagai et al. 2021).

4.2. Patient identifi cation
We identified patients who started BPN among approximately 13 million social 
insurance participants. Of these, we obtained participants from January 2017 and 
December 2019 from the JMDC database, of whom 16,965 patients were treated with 
BPN. A retrospective cohort was set up for 3 months of screening and a 12-month 
observation period (n=8,570). We also set the following exclusion criteria: 1) patients 
that received zoledronate administration, 2) patients who received injectable BPN 
formulas, 3) patients who received daily BPN formula at the index month (month 0), 
4) patients who switched BPN components during the observation periods, 5) patients 
that were not diagnosed with osteoporosis (M80-82), 6) patients with diagnosed 
Paget’s disease of bone (M88) and osteogenesis imperfecta (Q78), and 7) patients of 
age ≤ 29 years (n=3,554). As a result, 5,016 patients were analyzed in this study (Fig. 
1, Supplementary Table 1, Supplementary Figure 1).
Briefly, “month 0” refers to the index month when patients were prescribed BPN for 
the first time. Baseline data refers to the following information: 1) patient character-
istics such as sex, age, and monthly or weekly BPN regimen (month 0=index month) 
and 2) comorbidities (month -3 to month 0). The screening period refers to month 
-3 to 1 from the index month as a washout window for BPN administration. The 
observation period shows up to month +11 from the index month.

4.3. Study defi nitions
BPN exposure was assessed using the proportion days covered (PDC) (Loucks et al. 
2022). PDC was derived by dividing the number of BPN supply days by the number 
of observation days (365 days), capped at 1 in each patient (Supplementary Table 2). 
Weekly and monthly BPNs are defined according to the indication in the package 
inserts such as weekly formula as “weekly” and monthly formula or 4 weeks formula 

Table 2: Propensity score-matched prevalence rate ratios (PRRs) for > 80% of PDC stratified by patient characteristics

Weekly group Monthly group PRR 
(95% CI)

P for interaction
No. of events/total No (%) No. of events/total No (%)

Sex 

Male 154/302 (51.0%) 166/302 (55.0%) 1.08 (0.86—1.30) 0.9155

Female 950/1,803 (52.7%) 1,011/1,803 (56.1%) 1.06 (0.98—1.15)

Age (year)

30-44 59/120 (49.2%) 82/134 (61.2%) 1.24 (0.91—1.58) 0.6047

45-59 399/816 (48.9%) 426/810 (52.6%) 1.08 (0.94—1.21)

60-74 646/1,169 (55.3%) 669/1,161 (57.6%) 1.04 (0.93—1.15)

Insured person

Insured individuals 378/754 (50.1%) 414/755 (54.8%) 1.09 (0.95—1.23) 0.6561

Insured individuals’ family 726/1,351 (53.7%) 763/1,350 (56.5%) 1.05 (0.95—1.15)

Comorbidity

Neoplasms (C00-D48) 261/459 (56.9%) 282/461 (61.2%) 1.08 (0.91—1.24) 0.9032

Hypertensive diseases (I10-I15) 378/650 (58.2%) 401/664 (60.4%) 1.04 (0.90—1.18) 0.6629

Diabetes mellitus (E10-E14) 413/743 (55.6%) 424/747 (56.8%) 1.02 (0.89—1.16) 0.4344

Disorders of lipoprotein metabolism and other lipidaemias (E78) 445/780 (57.1%) 453/788 (57.5%) 1.02 (0.89—1.16) 0.2807

Other rheumatoid arthritis (M06) 202/333 (60.7%) 205/344 (59.6%) 0.98 (0.79—1.18) 0.3669

Hyperparathyroidism and other disorders of parathyroid gland (E21) 45/61 (73.8%) 44/73 (60.3%) 0.82 (0.40—1.23) 0.2032

Chronic kidney disease (N18) 36/54 (66.7%) 36/54 (66.7%) 1.00 (0.54—1.46) 0.7825

Atherosclerosis of aorta (I70) 71/141 (50.4%) 90/145 (62.1%) 1.23 (0.92—1.54) 0.3416

Other chronic obstructive pulmonary disease (J44) 15/21 (71.4%) 14/20 (70.0%) 0.98 (0.25—1.71) 0.8192
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as “monthly” in this study. BPNs are defined as anatomical therapeutic chemical (ATC) 
code at index month and comorbidity for the International Statistical Classification of 
Diseases and Related Health Problems (ICD) 10 code screening period (month -3 to 
0) (Supplementary Table 1). Good medication adherence was defined as 80% of BPN 
PDC (Naranjo et al. 2022) during the 12- month observation period (month 0 to +11).

4.4. Primary and secondary study endpoints
The primary endpoint of this study was to establish a PDC of > 80% for patients who 
started with weekly or monthly BPNs (Siris et al. 2006, Naranjo et al. 2022). The 
secondary endpoint was to assess average PDC between weekly and monthly BPNs 
following propensity score matching.

4.5. Statistical analysis
Univariate analyses (Student’s t-test, Mann–Whitney U-test, chi-square test, and 
Fisher’s exact test) of the groups for “PDC > 80%” and “PDC < 80%” for 12-month 
observation were performed using the patient demographics of 5,016 patients.
The propensity score was calculated using sex, age, insured individual or their family, and 
comorbidities in the study patients divided between the < 80% and > 80% PDC groups. 
Matching was used to conduct 1:1 nearest-neighbor matching. The caliper value (caliper 
width) for the nearest neighbor matching was set to 0.2 times the standard deviation of the 
log of the propensity scores. The standardized difference (d) was calculated to compare 
patient backgrounds between > 80% and < 80% of PDC groups before and after matching. 
The difference in backgrounds after matching was considered negligible if d < 0.1.
Stratified analysis for each baseline parameters, such as sex, age, insured individual 
or their family, and comorbidities after propensity score matching, were compared for 
the number of patients with a PDC of > 80% between weekly and monthly regimens. 
Prevalence rate ratio (PRR) and 95% confidence interval (CI) were calculated as 
reference in the weekly group.
Data are expressed as medians with ranges or mean±standard deviations. Data anal-
ysis was performed using JMP 16® (SAS Institute Inc., Cary, NC, USA).

4.6. Ethics approval
The commercially available JMDC database used in this study contains anonymized 
information processed based on Japan’s Personal Information Protection Law, and 
individual informed consent is not required for the provision and use of this infor-
mation. In addition, according to the ethical guidelines for clinical research in Japan, 
review by an ethics committee is not required for studies using anonymized informa-
tion. Therefore, no informed consents were obtained for this study since the patient 
data were anonymized before access.
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Supplementary material

Supplementary Table 1. Definition and categorization of study 
covariates

Characteristic Definition/categories

Demographic characteristic

Sex Male/female

Age Measured at index month

Comorbidities

Neoplasms ICD-10: C00-D48

Hypertensive diseases ICD-10: I10-I15

Diabetes mellitus ICD-10: E10-E14

Disorders of lipoprotein metabolism and other lipidaemias ICD-10: E78

Other rheumatoid arthritis ICD-10: M06

Hyperparathyroidism and other disorders of parathyroid gland ICD-10: E21

Chronic kidney disease ICD-10: N18

Atherosclerosis of aorta ICD-10: I70

Other chronic obstructive pulmonary disease ICD-10: J44

Diagnosis

Osteoporosis ICD-10: M80-92

Exclusion criteria

Bone Paget ICD-10: M88

Osteogenesis imperfecta ICD-10: Q78

Supplementary Table 2: Calculation for proportion days cover for 
bisphosphonate

Proportion Days Cover (PDC) was derived by dividing the number 
of supply days of bisphosphonates by the number of observation 
days (365 days) capped at 1 in each patient calculated below 
formula;
Formulation for calculating PDC of bisphosphonate

The duration of therapeutic effectiveness following the administra-
tion of Bisphosphonate formulations was defined as follows, based 
on the respective package inserts for each formulation.

Component Formula ATC code Days of supply

Alendronic acid Weekly M05BA04 Number of tablet × 7 days

Ibandronic acid Weekly M05BA06 Number of tablet × 30 days

Minodronic acid Monthly M05BA Number of tablet × 28 days

Risedronic acid Weekly
Monthly

M05BA07 Number of tablet × 7 days Number 
of tablet × 30 days

Reference
Loucks J, Zuckerman AD, Berni A, Saulles A, Thomas G, Alonzo A (2022) Propor-

tion of days covered as a measure of medication adherence. Am J Health-Syst 
Pharm 79: 492–496.

Supplementary Fig. 1: Study design diagram




