
Research Article

For reprint orders, please contact: info@becaris.com

Treatment gaps in osteoporosis care
following recurrent fractures: a nationwide
cohort study

Hyun Jin Han‡ ,1,2,3 , Miryoung Kim‡ ,3,4 , Eyoung Wang5, Min Ji Kim5 & Hae Sun

Suh*,1,2,3

1Department of Regulatory Science, Graduate School, Kyung Hee University, Seoul, South Korea
2Institute of Regulatory Innovation through Science (IRIS), Kyung Hee University, Seoul, South Korea
3College of Pharmacy, Kyung Hee University, Republic of Korea
4College of Pharmacy, Sunchon National University, Suncheon, Republic of Korea
5Value Access & Policy, Amgen Korea, Seoul, Korea
*Author for correspondence: haesun.suh@khu.ac.kr
‡These authors contributed equally to this work

Aim: This nationwide cohort study primarily aimed to descriptively characterize real-world treatment
patterns, including treatment initiation, adherence, treatment duration and discontinuation of the first
treatment drug, among patients who experienced a recurrent osteoporotic fracture. Materials & methods:
This population-based, retrospective cohort study used data from the Health Insurance Review and
Assessment Database of South Korea. It included male and female patients aged 55 years and older
who experienced a recurrent osteoporotic fracture within 2 years of their index fracture in 2013. Results:
The study period was from 1 January 2012 to 31 December 2021, with an outcome assessment period
from 1 January 2013 to 31 December 2017. A total of 34,558 patients with recurrent osteoporotic
fractures were observed, and just over half (n = 18,462, 53.4%) received osteoporosis medication, with
a significant difference in medication rates between males (23.7%) and females (58.8%) (p < 0.001).
The estimated median duration of osteoporosis medication was 146 days (interquartile range: 61–
365 days). The discontinuation rate of medication within 2 years of follow-up after their recurrent fracture
was 80.5%, with the highest discontinuation rate (90.4%) observed among patients taking daily oral
bisphosphonate medication. Conclusion: Although patients with recurrent fractures require intensive
management, our results showed a significant unmet need in the initiation and persistence of osteoporosis
medication. Therefore, it is crucial to establish a strategic treatment approach to address the treatment
gap in managing osteoporosis among very high-risk patients. Dataset name: Health Insurance Review and
Assessment Database of South Korea.

Plain language summary: Do people get the right osteoporosis treatment after breaking a bone again?
A study using national insurance claim data from Korea
What is this article about? This article examines whether people with osteoporosis who have more
than one bone fracture are receiving the treatment they need. We focused on how many patients
started osteoporosis medications, how long they stayed on the medication, and how often they stopped
treatment too early. Since people who have more than one fracture are at very high risk for future breaks,
it is important to understand if they are being treated properly.
What were the results? We used health insurance data from South Korea to study over 34,000 people
aged 55 and older who had a second fracture within 2 years of their first one. Only about half of these
patients received osteoporosis medication after the second fracture. Many stopped taking their medicine
within a few months. Two years later, more than 80% had stopped their first osteoporosis medication.
The worst rates of stopping medication were seen with daily oral pills.
Why is this important? Osteoporosis is a treatable condition, and people who have already had fractures
are at the highest risk for more. This study shows that many patients are not getting or continuing the
treatment they need. Better support and follow-up are needed to prevent future fractures in these high-
risk individuals.
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Shareable abstract: Over 80% of patients with recurrent osteoporotic fractures discontinued their first
osteoporosis medication within 2 years. Urgent action is needed to close gaps in care for this high-risk
population.

#osteoporosis #fractureprevention #realworlddata #healthequity #pharmacoepidemiology
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Fracture and osteoporosis are major public health concerns, not only because of the pain, disability, and further
health impacts they cause [1,2], but also because of the significant economic burden from lost productivity and
caregiver strain [3,4], and their growing burden in this era of increased aging populations [5]. The global prevalence of
fractures has increased by 70% from 1990 to 2019, with a substantial increase in absolute fracture cases, particularly
among older age groups [6]. The annual economic burden of osteoporosis is significant, accounting for $17.9 billion
in the USA and £4 billion in the UK [7,8].

Fractures exacerbate bone fragility [9] and a previous fracture doubles the risk of new fractures [10], making it the
greatest risk factor for recurrent fractures [11,12]. Recurrent fractures primarily affect postmenopausal females with
osteoporosis, the population at the onset of aging. These fractures are associated with adverse health outcomes such
as disability [13], infection [14], cognitive decline [15,16], decreased quality of life [17], and increased mortality [18].
Therefore, preventing repeated fractures is a crucial clinical and public health goal in this era of aging.

Medication is the most efficient and common intervention for patients with osteoporosis and those at high
risk of recurrent fractures. However, before the introduction of novel osteoporosis drugs that offered differentiated
treatment options for high-risk patients, suboptimal treatment options were available [19,20]. Low adherence and
early discontinuation of osteoporosis medications are well-recognized issues in the management of osteoporosis.
Nevertheless, the research on suboptimal treatment is insufficient among patients with multiple fractures at high
risk of recurrent fractures [21,22].

Therefore, this study aimed to identify real-world post-fracture treatment patterns of conventional osteoporosis
drugs by examining adherence to osteoporosis medications and the duration of medication use among high-risk
patients with recurrent fractures, using a nationwide cohort in South Korea.

Materials & methods
Study design & setting
We conducted a longitudinal population-based retrospective cohort study of patients with recurrent osteoporotic
fractures. This study was designed to define recurrent osteoporotic fractures with at least two osteoporotic fractures,
using a two-step indexing process. First, a fracture patient diagnosed in 2013 was identified for the first index
fracture. Patients with a diagnosed fracture were indexed to ensure that the fracture cases were diagnosed in
2013 [23–25]. The date of the first recurrent osteoporotic fracture after the index fracture was designated as the
recurrent fracture index date (second-fracture indexing). The follow-up period for assessing recurrent osteoporotic
fractures was set at 2 years after the index date. Further details of the study design are provided in supplementary
material (Supplementary Figure 1). The study protocol was reviewed and approved by the Kyung Hee University
Institutional Review Board, which waived the requirement for informed consent due to the use of retrospective,
anonymized data. The study adhered to the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) and the Reporting of Studies Conducted Using Observational Routinely Collected Health Data
(RECORD) statements [26,27].

Data sources
We used the Health Insurance Review and Assessment (HIRA) database for this study, which covers 98% of South
Korea’s population and provides data on claim details, including demographics, diagnosis code, duration and cost
of treatment, surgical or other procedures, and medications [28]. The study period was from 1 January 2012 to 31
December 2021, with an outcome assessment period from 1 January 2013 to 31 December 2017, comprising 197
million claims cases. The database was accessed on 2 August 2022.
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Study population
The study population included patients aged 55 years or older with recurrent osteoporotic fractures within 2 years
of their index osteoporotic fractures. The 2-year window was chosen to align with the imminent fracture-risk
literature, which identifies the early post-fracture period as the window of highest recurrent fracture risk and
the most actionable opportunity for secondary fracture prevention [29,30]. Osteoporotic fractures were defined as
fractures in patients aged 55 years and older with diagnosis codes for specific anatomical locations: hip/femur,
vertebrae, humerus, radius, lower end of tibia, and ankle. Fractures of the distal tibia and ankle were included using
the same operational fracture-site definition as in our previous nationwide study [31], which was reviewed with
clinical input from specialists in endocrinology and orthopedics. Open fractures were excluded to reduce inclusion
of fractures more likely related to high-energy trauma [32,33]. The operational definitions of osteoporotic fracture and
recurrent osteoporotic fracture used in this study were based on those applied in our previous nationwide study of
recurrent osteoporotic fractures in South Korea [31]. To avoid over-counting of ongoing care as a new fracture event,
recurrent fractures at the same anatomical site were counted only if they occurred at least 6 months after the previous
fracture. In contrast, fractures at a different anatomical site were counted only if they occurred at least 3 months
later. These interval rules were established based on previous studies and expert consensus among clinicians
specializing in endocrinology and orthopedics. The fracture diagnosis codes are detailed in the Supplementary
Materials (Supplementary Table 1). We excluded patients with cancer during the study period, Paget’s disease of
the bone, and metabolic bone diseases (e.g., disorders of bone development and growth, hypertrophy of the bone,
osteolysis, osteonecrosis, osteitis deformans, and osteopathy) to avoid including patients with pathological fractures.
Additionally, to prevent censoring, we excluded patients who were not continuously enrolled in the database during
the study period.

We evaluated the baseline characteristics of the study population during the year before the recurrent fracture
index date, including age, type of insurance, Charlson Comorbidity Index (CCI), pre-existing conditions, and
history of osteoporosis medication use.

Exposure, outcomes & follow-up
In this study, osteoporosis medication included selective estrogen receptor modulators (SERMs), daily oral bis-
phosphonates (BPs), weekly oral BPs, monthly oral BPs, 3-monthly BP injections, yearly BP injections, daily
teriparatide injections, and weekly teriparatide injections. Detailed information on the specific drugs included is
provided in the Supplementary Material (Supplementary Table 2). However, the study did not include denosumab
and romosozumab because these drugs were not actively prescribed during the follow-up period owing to the lack
of reimbursement in South Korea, and unreimbursed prescriptions are not detectable in the HIRA database.

We analyzed the prescription duration in the first treatment episode for each drug type. We assessed the
proportions, adherence, and discontinuation of osteoporosis medication use in patients with recurrent osteoporotic
fractures over a 2-year follow-up period after their index recurrent fracture. Prescription continuity was defined
as an uninterrupted prescription episode of the same medication as the initial osteoporosis medication, with
a maximum 60-day refill gap between consecutive prescriptions. The first treatment episode was defined as the
period from treatment initiation until the earliest of end of follow-up, switching to another osteoporosis medication,
or discontinuation. Therefore, the term ‘discontinuation’ in this study refers to discontinuation of the first treatment
drug rather than complete cessation of all osteoporosis therapy. Termination of the initial treatment episode was
defined as drug discontinuation. Treatment duration was defined as the period from the first date of osteoporosis
drug prescription to the earliest of the following: the latest follow-up date, the date of drug change, or discontinuation
of the first treatment drug. The Supplementary Material provides a detailed definition of the treatment episode
and duration (Supplementary Figure 2). Medication adherence was assessed using the medication possession ratio
(MPR) during the follow-up and was calculated using equation (1) [34,35]:

MPR =

(
the duration of prescribing in the first treatment episode

two years

)
× 100% (Equation 1)

Consistent with prior claims-based osteoporosis adherence studies, MPR was operationalized using cumulative
days covered during follow-up. Days covered were assigned according to each drug’s labeled dosing interval:
prescribed days supply for oral bisphosphonates and teriparatide, 90 days per administration for 3-monthly
intravenous ibandronate, and 365 days per administration for yearly intravenous zoledronate.
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MPR was classified into five levels by drug type: MPR <0.2, 0.2 ≤ MPR <0.4, 0.4 ≤ MPR <0.6, 0.6 ≤
MPR <0.8, and ≥0.8. An MPR of 0.8 or higher was considered to indicate good adherence. We evaluated the
discontinuation rate of the first treatment episode among patients prescribed medication during the follow-up
period, categorizing it by drug type and follow-up period.

Statistical analysis
Continuous variables were summarized as medians with interquartile ranges (IQRs) and means with standard
deviations (SD), whereas categorical variables were presented as counts and proportions. Independent t-tests were
used for continuous variables and chi-square tests for categorical variables to assess differences between groups.
Discontinuation rates were investigated at 6 months, 1 year, and 2 years after the index recurrent fracture. Sensitivity
analysis was performed to identify variations in the time to discontinuation across refill-gap periods of 3 and 6
months. Additionally, Kaplan–Meier survival analyses and log-rank tests were conducted to assess significant
differences in the time to medication discontinuation across drug types. Statistical analyses were conducted from 1
August 2022 to 25 April 2023, using SAS (version 9.4) software (SAS Institute, Inc., Cary, North Carolina).

Ethics approval & research governance
The Kyung Hee University Institutional Review Board approved this study and waived the requirement for informed
consent due to its non-interventional, secondary, anonymized database study design (KHSIRB-22-093(EA), 9
March 2022).

Results
Study population & baseline characteristics
We identified 34,558 patients aged 55 years or older (84.8% female) with an index osteoporotic fracture in 2013
and a recurrent osteoporotic fracture within 2 years of the index fracture (Table 1). This accounted for 17.3%
of patients with index osteoporotic fractures in 2013. The Supplementary Material (Supplementary Figure 3)
presents the flowchart for selecting the study population. The mean age of the population was 73.3 years (range
55–107), with a significant age difference between the male and female groups (male: 70.4 years, female: 73.8 years,
p < 0.001) (Table 1).

Patients covered by medical aid constituted 9.5% of the total population, including 9.1% of males and 9.6% of
females, with no significant gender imbalance. Patients with a CCI score of ≥3 constituted the largest proportion
(37.1% of the total population, 36.4% of males and 37.2% of females). A CCI score of 0 was significantly
more common in males (22.7%) than in females (18.8%) (p < 0.001). Although females had a higher overall
prevalence of underlying health conditions, the prevalence of myocardial infarction, hemiplegia or paraplegia, and
liver disease was significantly higher in males (p < 0.001) than in females. The highest proportion of recurrent
osteoporotic fractures in males was among those aged 55–64 years (33.0%), while in females it was 75–84 years
(37.2% At baseline, 1 year before the recurrent fracture, the average osteoporosis medication rate was 41.4%, and
male (17.5%) had a significantly lower history of osteoporosis medication use than female (45.9%) (p < 0.001).
Oral BP medications were the most used drugs in males (97.1%) and females (69.4%), with females exhibiting a
more varied use of osteoporosis medications than males before the recurrent fracture event (Table 1).

Duration of osteoporosis medication after recurrent osteoporotic fracture
The osteoporosis medication rate after recurrent fractures was 53.4% (N = 18,462), with significant differences
between male and female (23.7% vs 58.8%; p < 0.001) (Table 2 & Supplementary Table 3). Medication rates varied
significantly across age groups; however, age-stratified medication rates did not differ significantly between males
and females (p = 0.06). Medication rates were higher in females than in males across all age groups (Supplementary
Table 3).

Regardless of drug type, the median medication duration was 146 days (IQR: 61–365 days) with a mean of
236.93 days (SD: 221.65 days). Among the various BP treatments, daily oral BP had the shortest treatment duration
for the first treatment episode, except for teriparatide, for which insufficient data were available because it was the
most recently reimbursed treatment. The median duration of daily oral BP was 61 days (IQR: 25–199), with a
mean of 150.29 days (SD: 189.96 days). The duration of the first treatment increased proportionally with the
administration term, with longer administration terms associated with longer treatment durations (Table 2).
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Table 1. Baseline characteristics of the patients with recurrent osteoporotic fractures.
Total Male Female p-value†

N % N % N %

Patients with recurrent fracture, n 34,558 100.0 5261 15.2 29,297 84.8 �0.001

Age (years)

Mean (SD) 73.3 (9.31) 70.37 (9.41) 73.82 (9.20) �0.001

55≤ years �65 7306 21.1 1734 33.0 5572 19.0 �0.001

65≤ years �75 10,826 31.3 1662 31.5 9164 31.3 0.650

75≤ years �85 12,358 35.8 1461 27.8 10,897 37.2 �0.001

85≤ years 4068 11.8 404 7.7 3664 12.5 �0.001

Insurance type

NHI 31,267 90.5 4772 90.6 26,495 90.4 0.540

Medical aid 3277 9.5 476 9.1 2801 9.6 0.240

Veterans 14 0.0 13 0.3 1 0.0 �0.001

Charlson Comorbidity Index‡

0 6703 19.4 1194 22.7 5509 18.8 �0.001

1 8017 23.2 1155 22.0 6862 23.5 0.020

2 7012 20.3 996 18.9 6016 20.5 0.008

≥3 12,826 37.1 1916 36.4 10,910 37.2 0.260

Conditions, n (%)

Myocardial infarction 635 1.8 146 2.8 489 1.7 �0.001

Congestive heart failure 3169 9.2 434 8.3 2735 9.3 0.012

Peripheral vascular disease 6586 19.1 873 16.6 5713 19.5 0.340

Cerebrovascular disease 7019 20.3 1043 19.8 5976 20.4 �0.001

Dementia 5409 15.6 606 11.5 4803 16.4 �0.001

Chronic pulmonary disease 12,508 36.2 1888 35.9 10,620 36.3 0.610

Rheumatologic disease 2563 7.4 288 5.5 2275 7.8 �0.001

Peptic ulcer disease 11,355 32.9 1523 29.0 9832 33.6 �0.001

Mild liver disease 8023 23.2 1399 26.6 6624 22.6 �0.001

Diabetes without chronic complication 9709 28.1 1538 29.2 8171 27.9 0.046

Diabetes with chronic complication 3580 10.4 544 10.3 3036 10.4 0.960

Hemiplegia or paraplegia 635 1.8 144 2.7 491 1.7 �0.001

Renal disease 853 2.5 190 3.6 663 2.3 �0.001

Moderate or severe liver disease 144 0.4 44 0.8 100 0.3 �0.001

Previous osteoporosis medication history§

No 20,141 58.5 4324 82.5 15,817 54.1 �0.001

Yes 14,313 41.5 914 17.5 13,399 45.9 �0.001

Type of previous osteoporosis medication¶

SERM 1175 8.2 0 0.0 1175 8.8 �0.001

BP oral 10,188 71.2 887 97.1 9301 69.4 �0.001

BP inj. q 3 months 2904 20.3 22 2.4 2,882 21.5 �0.001

BP inj. yearly 46 0.3 5 0.6 41 0.3 0.21

†P-values rows between males and females.
‡The maximum total Charlson Comorbidity Index score observed in this study was 19 points, with the following conditions omitted: any malignancy including
leukemia and lymphoma, metastatic solid tumor and AIDS.
§During the pre-index period.
¶The latest osteoporosis medication before the first recurrent osteoporotic fracture.
AIDS: Acquired immune deficiency syndrome; BP: Bisphosphonate; Inj.: Injection type; NHI: National Health Insurance; SERM: Selective estrogen receptor modulator.

To account for such variability and potential right-censoring, a sensitivity analysis using Kaplan–Meier survival
curves was conducted. This analysis confirmed significant differences in medication duration by to sex (log-rank
test p < 0.0001) and drug type (log-rank test p < 0.0001), as shown in Supplementary Figures 4–5. The survival
curves provide additional insight into time-to-discontinuation, accounting for censoring due to the fixed follow-up
period.
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Table 2. Duration of osteoporosis medication within 2 years after the recurrent fracture.
Treated OP, n Proportion, % Duration

Median Mean SD Min Max IQR

Total 18,462 100.0 146.0 236.9 221.7 1 730 61–365

SERM 1648 9.9 181.0 256.2 225.22 2 730 72.5–411

BP daily oral 778 4.2 61.0 150.3 190.0 1 730 25–199

BP weekly oral 9479 51.3 106.0 201.6 210.3 1 730 36–308

BP monthly oral 1545 8.4 181.0 251.3 216.3 9 730 90–367

BP 3-monthly inj. 4742 25.7 181.0 304.2 231.6 2 729 91–536

BP yearly inj. 267 1.5 366.0 351.5 151.1 3 729 329–366

Teriparatide daily inj. 3 0.0 31.0 42.3 38.3 11 85 11–85

Inj.: Injection; IQR: Interquartile range; Max: Maximum; Min: Minimum; OP: Osteoporosis medication; SD: Standard deviation.

Teriparatide
daily inj.

BP yearly inj.

0 20 40
Proportion within each drug type (%)

60 80 100

BP 3-monthly inj.

BP monthly oral

BP daily oral
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BP weekly oral
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10.5
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0.4 ≤ MPR < 0.6
0.6 ≤ MPR < 0.8

MPR ≥ 0.8

Figure 1. Medication possession ratio of osteoporosis medication within 2 years after the recurrent osteoporotic
fracture, presented by drug type. Each horizontal bar represents 100% of patients treated with the corresponding
drug and is subdivided according to MPR category.
BP: Bisphosphonates; MPR: Medication possession ratio; SERM: Selective estrogen receptor modulator.

Adherence to osteoporosis medication after recurrent osteoporotic fracture
Figure 1 illustrates the MPR for various types of osteoporosis medications within 2 years of a recurrent osteoporotic
fracture. In general, the adherence measured by MPR was 0.20 (IQR: 0.08–0.50), and the mean MPR was 0.32
(SD: 0.3) (Supplementary Table 4). Good adherence was observed in 14.3% of the patients receiving osteoporosis
medication, while the lowest MPR level (<0.2) was observed in the highest proportion (50.0%). By drug type,
patients receiving yearly BP injections showed the highest MPR with a median of 0.50 (IQR: 0.45–0.50), a mean
of 0.48 (SD: 0.21), and a good adherence rate of 8.24%. In contrast, patients taking daily oral BP exhibited the
lowest MPR with a median of 0.08 (IQR: 0.03–0.27), a mean of 0.21 (SD: 0.26), and a good adherence rate of
7.1% (Figure 1).

Medication discontinuation after recurrent osteoporotic fracture
Table 3 presents the rates of first treatment discontinuation at 6 months, 1 year, and 2 years after a recurrent
osteoporotic fracture. A total of 14,862 (80.5%) of 18,462 patients discontinued their first treatment drug within
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Table 3. Discontinuation rate of the first osteoporosis medication within 2 years after the recurrent fracture.
Treated
patients, n

Within 6 months Within 1 year Within 2 years

Discontinued
patients, n

Discontinuation
rate, %

Discontinued
patients, n

Discontinuation
rate, %

Discontinued
patients, n

Discontinuation
rate, %

Total 18,462 6983 37.8 10,832 58.7 14,862 80.5

SERM 1648 584 35.4 922 56.0 1284 77.9

BP daily oral 778 452 58.1 590 75.8 703 90.4

BP weekly oral 9479 4156 43.8 6070 64.0 8025 84.7

BP monthly oral 1545 488 31.6 873 56.5 1230 79.6

BP 3-monthly Inj. 4742 1303 27.5 2377 50.1 3465 73.1

BP yearly Inj. 267 – 0.0 – 0.0 153 57.3

Teriparatide daily Inj. 3 – 0.0 – 0.0 2 66.7

BP: Bisphosphonates; Inj.: Injection; SERM: Selective estrogen receptor modulator.

2 years of their recurrent fracture. Daily oral bisphosphonates had the highest discontinuation rates at all time
points, with 58.1% of patients discontinuing treatment within 6 months, 75.8% within 1 year, and 90.4% within
2 years.

The lowest discontinuation rate within 2 years was observed in patients receiving yearly BP injections (57.3%),
whereas the lowest discontinuation rates within 6 months (27.5%) and 1 year (50.1%) were observed in patients
receiving 3-monthly BP injections. Supplementary Table 3 presents osteoporosis medication treatment rates within
2 years of a recurrent osteoporotic fracture, by sex and age group. Treatment rates were consistently higher in
females than in males across all age groups, and the highest treatment proportions were observed among patients
aged 65–84 years.

A sensitivity analysis of discontinuation within 2 years, accounting for a longer refill gap, is presented in
Supplementary Table 5. The overall trend in discontinuation rates remained similar to that of the base analysis,
confirming the robustness of the findings.

Discussion
To the best of our knowledge, although a few studies have reported on osteoporosis management after an osteoporotic
fracture, we found no relevant local or international studies that provide detailed real-world patterns of osteoporosis
medication use for high-risk patients with recurrent osteoporotic fractures at the population level or with long-
term follow-up. The strength of our study lies in providing a thorough understanding of the characteristics of
patients with recurrent osteoporotic fractures and their suboptimal osteoporosis medication patterns during a
two-year follow-up period after recurrent fractures in South Korea. Our study’s methodological strengths include
an analysis based on treatment episodes per drug, exclusion of patients with censoring during the follow-up period
to ensure a robust medication analysis, and sensitivity analyses. We found that the recurrent fracture cohort had
high comorbidity rates, with less than half of the patients having a history of medication for osteoporosis. Although
osteoporosis treatment increased after a recurrent fracture event, the short duration of medication, low adherence,
and low rate of treatment persistence clearly indicated suboptimal management in patients with recurrent fractures.

The mean age was 73.3 years, with a female predominance (85%); more than 80% of the population had
comorbidities assessed with the CCI score, and only 41.4% had a history of osteoporosis medication use before the
recurrent fracture. Compared with the average age of 66 years for patients with osteoporosis in a previous study
targeting the South Korean population, the average age of the patients with recurrent fractures in our study was
older and had higher osteoporosis medication and comorbidity rates [36]. These findings are consistent with those
of previous studies on patients with recurrent fractures or factors associated with recurrent fractures [37–39].

The rates of osteoporosis medication use were 41.4% at the index fracture and 53.4% during the 2-year follow-
up. As these proportions may reflect different observation windows and constructs, they are reported separately and
not directly compared. Females had more than double the medication rate of men, similar to a previous study [40].
Due to their lower bone mineral density, longer life expectancy, and faster bone loss during menopause, females
have a higher risk of osteoporosis, leading to increased medication use [33]. Underdiagnosis and undertreatment
are well-known characteristics of osteoporosis; males are at high risk of undertreatment despite the significance of
osteoporosis in males and the need for care [26,41]. Although there are not enough studies for direct comparison, we
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found that the osteoporosis medication rate (53.4%) among patients with recurrent fractures in Korea, as observed
in this study, was lower than the rates at primary fracture (56.4%) and recurrent fracture (73.7%) in Canadian
primary care settings between 2014 and 2016 [42]. Because switching to another osteoporosis medication ended the
first treatment episode, the discontinuation rate reported in this study should be interpreted as discontinuation of
the first treatment drug rather than complete cessation of osteoporosis therapy. Sensitivity analyses using 3-month
and 6-month refill gaps yielded consistent findings (Supplementary Table 5). Our findings are broadly consistent
with international register-based evidence of persistent undertreatment following fragility fractures. Roerholt et al.
reported substantial post-fracture treatment gaps in a European register-based cohort [43]. At the same time, a
more recent study by Wang et al. highlighted the ongoing risk of recurrent fractures and the importance of
timely management of osteoporosis after hip fracture [44]. Together, these studies indicate that suboptimal post-
fracture pharmacotherapy is a sustained, cross-regional challenge, with our nationwide Korean cohort providing a
recurrent-fracture-specific perspective.

Given the lack of comparable studies on treatment duration and discontinuation rates in subsequent treatment
for osteoporotic fractures, our findings provide insights into the management of patients at very high risk of
osteoporotic fractures. Observed treatment durations should be interpreted cautiously, as they reflect not only
treatment persistence but also the timing of treatment initiation, drug-specific reimbursement and dosing schedules,
and the fixed 2-year follow-up window. Therefore, shorter observed durations do not necessarily indicate earlier
discontinuation. In addition, the fixed follow-up period may underestimate the long-term burden of recurrent
fractures, particularly among untreated patients who remain at elevated risk beyond 2 years. However, suboptimal
osteoporosis management is evident, with treatment typically lasting less than 5 months, a very low 14.3% good
adherence rate, and 80.5% discontinuation within 2 years after a recurrent fracture. This aligns with the prevalent
suboptimal treatment for patients with osteoporotic fracture [45]. Subsequent fractures in patients with osteoporosis
are prevalent and often occur shortly after a prior fracture, showing that a third of subsequent fractures occur
within the first year of the primary fracture, and that early treatment has great value in preventing subsequent
fractures [46–48]. In contrast to many countries where weekly or monthly oral bisphosphonates had largely replaced
daily regimens by 2013, daily oral bisphosphonates remained available and reimbursed in South Korea during the
study period [49]. This historical prescribing context is reflected in the distribution of osteoporosis medications
observed in our cohort. In interpreting adherence metrics such as the MPR, especially for agents like once-yearly
zoledronate, some caution is warranted. Therefore, policies and programs are needed to address the potential
reasons for suboptimal treatment, such as underdiagnosis of osteoporosis, low public awareness, reimbursement
issues, and health system policies that hinder persistent treatment [45,50]. However, because the MPR was calculated
using a uniform framework across regimens with different dosing intervals, between-drug adherence comparisons
should be interpreted cautiously, particularly for once-yearly zoledronate, in which a single missed administration
disproportionately reduces MPR.

These findings highlight a treatment gap that persists even among patients at imminent risk of fracture and
underscore the need for coordinated, system-level secondary fracture prevention strategies. Recent discussions
regarding osteoporosis risk stratification have highlighted important limitations of FRAX-based approaches in
identifying patients at imminent or very high risk of fracture. Because FRAX primarily estimates long-term fracture
probability, it may underestimate the short-term risk of recurrent fracture immediately after a fragility fracture,
when the risk of subsequent fracture is highest [51]. In this context, our recurrent-fracture-based cohort design may
provide a clinically meaningful framework for identifying patients who require urgent secondary fracture prevention
and closer post-fracture management, independent of FRAX score thresholds.

Accordingly, osteoporosis care for patients with recurrent fractures should extend beyond conventional risk-
score-based assessment alone and incorporate proactive post-fracture care pathways. Fracture Liaison Services,
which systematically identify, assess and manage patients after fragility fractures, have demonstrated improvements
in treatment initiation, adherence and secondary fracture prevention across multiple healthcare settings [21–54]. In
addition to system-level interventions, patient-centered adherence support strategies may also help reduce persistent
treatment gaps. Structured patient reminder programs, for example, have been shown to improve adherence to oral
bisphosphonate therapy in postmenopausal females with osteoporosis [55]. Improved access to effective osteoporosis
therapies for very high-risk patients, together with integration of osteoporosis management into routine post-
fracture care pathways, may further strengthen secondary fracture prevention efforts. Comparable treatment-gap
data from Southeast Asia further suggest that under-treatment after fragility fracture is a regional, not solely
Korean, challenge [56]. Several limitations inherent to claims data should be acknowledged. The HIRA database
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does not capture bone mineral density-confirmed osteoporosis status, fracture mechanism (low- vs high-energy),
frailty, or functional outcomes. To minimize misclassification, we restricted the cohort to patients aged ≥55 years
and excluded open fractures in accordance with the Korean operational definition of osteoporotic fracture. In
addition, site-specific interval rules were applied to distinguish recurrent fractures from continuing care for the
index fracture. However, residual misclassification cannot be entirely ruled out, particularly because detailed clinical
fracture information is unavailable in claims data. Although exclusion of open fractures likely reduced inclusion of
fractures not clearly attributable to osteoporosis, this concern may remain for fracture sites such as the distal tibia
and ankle, which are less specific for fragility fractures than hip or vertebral fractures.

However, the claims data review system minimized critical biases, including information bias and potential
misclassification. Additionally, the HIRA claims database is considered generalizable at the population level [57].
Second, due to data limitations inherent in health insurance claims data, we could only analyze medications
within the scope of reimbursement, and self-paid or unreimbursed medications were not included in this study.
Additionally, reimbursement-tied claims have certain restrictions, and the focus on initial treatment drug needs
caution against overemphasizing the results. Since insurance in Korea does not cover osteopenia after medication
treatment, and uninsured osteoporosis treatment for this indication cannot be captured from the HIRA database
used in this study, the duration and discontinuation rates may be underestimated. We could not analyze denosumab
or romosozumab as they were not listed in the national insurance database during the study period (2012–2017).
Future studies using contemporary nationwide datasets are warranted to evaluate whether the introduction of newer
therapies and evolving fracture-prevention strategies have changed treatment initiation, adherence, and persistence
patterns in patients with recurrent osteoporotic fractures. Despite this, medical practice in Korea relies heavily
on predefined reimbursement status [58], so our findings provide a solid understanding of real-world practices
in osteoporosis treatment. Furthermore, based on diagnostic codes, the definition of osteoporotic and recurrent
osteoporotic fractures may introduce misclassification bias. To minimize this, we cross-validated our operational
definition of osteoporotic fractures with expert consensus, considering fractures in patients aged 55 years or older
as osteoporotic without bone mineral density scores. We also excluded open fractures and used period-gap criteria
to distinguish new fractures from previous ones by their locations to avoid overestimation. Additionally, we did
not stratify time to discontinuation by prior treatment history, which may limit our insights into variations in
treatment continuity. Future studies with extended data access could explore adherence patterns based on treatment
history in greater depth. Because this study was designed as a descriptive nationwide analysis, adjusted analyses
identifying independent predictors of treatment initiation, adherence, and discontinuation were not performed.
Future studies using linked datasets are warranted to identify modifiable determinants of the treatment gap. Finally,
the low medication rates for daily teriparatide and yearly BP injections may be due to their recent inclusion in the
reimbursement scheme during the study period. Daily teriparatide was covered by insurance starting in December
2016, and yearly BP injections for the general population began in January 2017. Despite these limitations,
our findings provide valuable insights into the characteristics and treatment patterns of patients with recurrent
osteoporotic fractures.

Conclusion
The findings of this study highlight the issues of recurrent osteoporotic fractures and low utilization of osteoporosis
medication among very high-risk patients in Korea. Low adherence and high discontinuation rates raise concerns
about the effectiveness and continuity of current treatments.
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Summary points

• Osteoporosis is a chronic condition that significantly increases the risk of fractures, particularly in aging
populations.

• Patients who experience a recurrent osteoporotic fracture are at very high risk for future fractures and require
long-term management.

• This study analyzed real-world treatment patterns using a retrospective cohort of 34,558 patients aged 55 or
older with recurrent osteoporotic fractures, which was identified from the nationwide claims data from the
Korean Health Insurance Review and Assessment Service.

• Only 53.4% of patients received any osteoporosis medication after a recurrent fracture, and medication use was
significantly lower among male (23.7%) compared with female (58.8%).

• A striking 80.5% of treated patients discontinued their fist osteoporosis medication within 2 years of their
recurrent fracture, and the median duration of osteoporosis treatment was just 146 days, with wide variability.

• Discontinuation rates were highest (90.4%) among patients prescribed daily oral bisphosphonates.
• These findings highlight an urgent need for improved treatment adherence and tailored intervention strategies

in very high-risk populations.
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