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Abstract

Purpose—While current osteoporosis management guidelines recommend use of pharmacologic 

treatment following hip fracture, the care of such patients has been suboptimal. The objective of 

this cross-national study is to quantify the use of and adherence to osteoporosis medication 

following hip fracture in three countries with different health care systems- the United States, 

Korea and Spain.

Methods—In three cohorts of patients aged ≥65 years hospitalized for hip fracture, we calculated 

the proportion receiving ≥1 osteoporosis drug after discharge. Adherence to osteoporosis treatment 

was measured as the proportion of days covered (PDC) during the first year following the hip 

fracture.

Results—We identified 86,202 patients with a hip fracture - 4,704 (U.S. Medicare), 6,700 (U.S. 

commercial), 57,631(Korea), and 17,167 (Spain). The mean age was 77–83 years and 74–78% 

were women. In the year prior to the index hip fracture, 16–18% were taking an osteoporosis 

medication. Within 3 months following the index hip fracture, 11% (U.S. Medicare), 13% (U.S. 
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commercial), 39% (Korea), and 25% (Spain) of patients filled ≥1 prescription for osteoporosis 

medication. For those who filled one or more prescriptions for an osteoporosis medication, the 

mean PDC in the year following the fracture was 0.70 (U.S. Medicare), 0.67 (U.S. commercial), 

0.43 (Korea) and 0.66 (Spain).

Conclusions—Regardless of differences in health care delivery systems and medication 

reimbursement plans, the use of osteoporosis medications for the secondary prevention of 

osteoporotic fracture was low. Adherence to osteoporosis treatment was also suboptimal with the 

PDC<0.70 in all three countries.
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INTRODUCTION

Osteoporosis is a common and generally undertreated problem, particularly in the elderly.1, 2 

It represents a major public health problem because of the disability, morbidity, mortality, 

and cost to which it contributes. Hip fractures are the worst consequences of osteoporosis, as 

the 1-year mortality of such patients is nearly 30% and it often leads to major morbidity 

including significant functional loss.3, 4 The economic burden related to hip fractures is also 

very high, with the estimated treatment cost over 10 billion dollars per year in the United 

States (U.S.) alone.5–7 The condition has similarly high impacts on the health care systems 

of other countries.

Patients who suffer their first hip fracture are at greater risk of recurrent osteoporotic 

fractures. In these patients, medications such as bisphosphonates can reduce the risk of 

recurrent osteoporotic fracture and improve survival.8–12 A previous meta-analysis of eleven 

randomized clinical trials of alendronate showed clinically important and statistically 

significant reductions in vertebral, nonvertebral, hip and wrist fractures for secondary 

prevention.13 In a randomized controlled trial of intravenous zoledronic acid within 3 

months after surgical repair of a hip fracture also reduced a risk of recurrent clinical fracture 

by 35% and mortality by 28%.8 Current guidelines, therefore, recommend use of such 

pharmacologic treatment following hip fracture.14, 15 However, the care of patients after hip 

fracture has been suboptimal as less than one-third of patients suffering a hip fracture do not 

receive subsequent osteoporosis treatment.16–18 In 2012, the American Society for Bone and 

Mineral Research Task Force on Secondary Fracture Prevention emphasized the importance 

of secondary prevention of fragility fracture and proposed an international collaborative 

work using a Fracture Liaison Service to improve secondary fracture prevention.19 As 

access to health care is different in each country, the quality of post-fracture care may vary 

as well, but little is known how patterns of under-treatment vary from country to country, 

particularly those with very different health care delivery and reimbursement systems.

The objectives of this study were 1) to examine the use of osteoporosis medications 

following hip fracture, 2) to evaluate the adherence to osteoporosis medications following 

hip fracture, and 3) to assess time trends in the use of these medications after fracture - the 

U.S., South Korea and Spain- with different health care systems.
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MATERIALS AND METHODS

Data Sources

The study investigators in the U.S., South Korea and Spain simultaneously conducted a 

retrospective cohort study using a study protocol developed by all participating 

investigators. For the U.S., two separate cohorts were constructed using the claims data from 

a U.S. government-sponsored health insurance plan (“U.S. Medicare”, 2005–2008) as well 

as a commercial health insurer (“U.S. commercial”, 2003–2012). The Korean cohort 

(“Korea”, 2007–2011) was based on complete filled prescription data from the Health 

Insurance Review and Assessment Service (HIRA) database, which includes the entire 

Korean population. The Valencia cohort (“Spain”, 2007–2012) was constructed using the 

claims and electronic medical records data from the Valencia Health Agency (VHA). 

Appendix 1 describes the data sources in detail.

Study Cohorts

We identified all patients aged 65 years or older who had a hospitalization for hip fracture 

based on a diagnosis code as well as a procedure code for surgical treatment of the fracture, 

and had 365 days of continuous health plan eligibility beforehand, to ensure adequate 

ascertainment of baseline characteristics. The admission date for the initial hip fracture 

hospitalization was defined as the index date. Patients with a diagnosis of trauma or 

fractures at multiple sites at the index date and those with a diagnosis of malignancy in the 

365 days prior to the index date were excluded. To ensure that all patients had at least 6 

months of follow-up time after the fracture, patients with less than 6 months of data after the 

index date were excluded. Each patient was followed from the index date to the first 

occurrence of insurance disenrollment, administrative end of the study, or death.

Osteoporosis Medications

The osteoporosis medications studied included alendronate, risedronate, ibandronate, 

etidronate, zoledronic acid, raloxifene, calcitonin, parathyroid hormone (PTH), and 

denosumab. Zoledronic acid, PTH and denosumab were not covered by HIRA for the 

Korean cohort. For the Valencia cohort, strontium ranelate was added, but data on 

zoledronic acid (only administered within the hospital in Spain) was not available because of 

lack of in-hospital medication claims data.

Outcomes

The primary outcome was the proportion of patients who filled at least 1 prescription for any 

osteoporosis medication any time during the first 3 and 6 months after the index date. 

Secondary outcomes were 1) the proportion of patients who filled at least 1 prescription for 

a specific category of osteoporosis medication (i.e., oral or intravenous bisphosphonates, 

raloxifene, and others) any time within 3 and 6 months after the index date and 2) the level 

of adherence to osteoporosis medications during the first 6 months and 1 year after the index 

hip fracture among those who filled at least 1 prescription for an osteoporosis medication. 

We also assessed the proportion of patients who had 1 bone mineral density test after the hip 

fracture (data not available in Valencia).
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Covariates

Variables potentially related to the risk of hip fracture and use of osteoporosis medication 

were assessed using data from the 365-day baseline period before the index date. These 

included demographic characteristics, year of the index date, comorbidities, pre-fracture use 

of osteoporosis medication and other drugs including oral steroids, anticonvulsants, 

antipsychotics, sedatives, lipid-lowering drugs, opioids, proton-pump inhibitors, selective 

serotonin reuptake inhibitors, non-steroidal anti-inflammatory drugs, thyroid hormone, anti-

hypertensives and diuretics, and health care utilization factors (see Table 1 for complete 

list).

Data Analysis

Each study team in the U.S., Korea and Spain independently ran all the pre-specified 

analyses and shared the results from the analyses, but not the individual-level data. We first 

described the baseline characteristics of patients in all four cohorts. We then calculated the 

proportion of patients in each population who filled a prescription for any osteoporosis 

medication and specific categories of osteoporosis medication in 3 and 6 months after the 

index hip fracture. To measure patients' adherence with their osteoporosis medications, we 

calculated the proportion of days covered as the number of days for which the patient had 

medication on hand divided by the duration of follow-up time (i.e., 6 months or 12 months). 

The last drug available day was estimated as the date of the last prescription dispensing plus 

the number of days supply in that prescription.

To evaluate time trends in the use of osteoporosis medications in general and oral 

bisphosphonates in particular in each cohort, we calculated the proportion of patients who 

received such treatment within 3 months after the index hip fracture per each quarter of 

calendar years. P-values for the trend in use of osteoporosis medications and oral 

bisphosphonates were calculated from linear regression. All analyses were performed using 

SAS version 9.2 (SAS Institute, Cary, NC) in U.S. and Korea, and STATA version 11 

(StataCorp, College Station, TX) in Spain.

Ethics

The study protocol was approved by the Institutional Review Board of the Brigham and 

Women's Hospital (U.S.), the Institutional Review Board of Seoul National University 

Hospital (Korea) and the Ethics Committee for Clinical Research of the Centre of Public 

Health Research – General Directorate of Public Health (Spain). Patient informed consent 

was not required as datasets were de-identified to protect subject confidentiality (U.S.), 

extracted with anonymized identifiers to protect privacy according to the Act on the 

Protection of Personal Information Maintained by Public Agencies (Korea) or extracted with 

anonymized identifiers according to Spanish laws on privacy (Act 15/1999) and patients' 

rights (Act 41/2002). The study protocol was approved by the Institutional Review Board of 

the Brigham and Women's Hospital.
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RESULTS

Study Subjects

We identified a total of 69,035 patients with hospitalization for a hip fracture: 4,704 in the 

U.S. Medicare database, 6,700 in the U.S. commercial database, 57,631 in the Korea HIRA, 

and 17,167 in the Spain VHA. The mean follow-up time ranged from 1.13 (U.S. Medicare) 

to 2.25 years (Spain). Table 1 presents baseline characteristics of the 4 cohorts. Mean age 

ranged from 76.6 (U.S. commercial) to 82.7 years (Spain). About two-thirds of patients were 

female in all settings. At baseline, 20–30% carried a diagnosis of osteoporosis, 15–36% had 

prior fracture and 16–18% were on osteoporosis treatment. The proportion of patients who 

had a bone mineral density testing done at baseline was less than 10% in the U.S. and 15.8% 

in Korea. Hypertension was the most common comorbidity in all three countries, 62.1% 

(Spain) to 78.6% (U.S. Medicare). Dementia was also prevalent in 18.1% (Korea) to 32.2% 

(U.S. Medicare). Although the mean age was higher in the U.S. Medicare cohort compared 

to the U.S. commercial cohort, other characteristics such as comorbidities, medication and 

health care utilization were similar between the two U.S. cohorts.

However, pre-fracture use of different types of medications and health care utilization varied 

greatly between the three countries. Opioids (30–33%) and thyroid hormone (18%) were 

much more commonly prescribed in the U.S. compared to Korea (3% and 1%, respectively) 

and Spain (21% and 5%, respectively). Use of oral steroids (28%) was the most prevalent in 

Korea. Sedatives were far more frequently used in both Korea (50%) and Spain (52%) 

compared to the U.S.(15–20%). Nearly half of patients in the U.S. cohorts and 40% in Spain 

had at least 1 visit to an emergency department in the year prior to the index fracture, 

whereas 12% did in Korea. On average, patients in the U.S. and Spain used 8 to 9 unique 

prescription drugs of any kind and had 8–12 outpatient physician visits in the 365 days prior 

to the index date. By contrast, the number of prescription drugs and outpatient physician 

visits was much higher in Korea (see Table 1).

Use of Osteoporosis Medication After Hip Fracture

The proportion of patients who filled any prescription for an osteoporosis medication within 

3 months after a non-traumatic hip fracture differed sharply across the countries studied, 

with rates in Korea 2- to 3 times higher than in the U.S. While medication use was 

suboptimal in all settings, the rate was the lowest in U.S. Medicare (11%) and the highest in 

Korea (39%) and Spain (24%; see Table 2). The proportion of patients who filled a 

prescription for an osteoporosis medication within 6 months after hip fracture remained 

similarly low, ranging from 16% (U.S. Medicare) to 42% (Korea). Oral bisphosphonates 

were the most commonly used drug category in all cohorts. After the index hip fracture, 10–

11% in the U.S. and 61% in Korea underwent a bone mineral density test.

Figure 1 illustrates the time trend in the use of osteoporosis medication after hip fracture. 

The proportion of patients who filled a prescription for an osteoporosis medication within 3 

months after hip fracture remained consistently low in U.S. Medicare and Spain, and slightly 

decreased over time in the U.S. commercially insured population and Korea. Use of oral 
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bisphosphonates after hip fracture went down significantly post-fracture over the recent 

calendar years in Korea and Spain (p<0.0001 and p=0.0002, respectively).

Adherence to Osteoporosis Medication

Among the patients who filled a first prescription for an osteoporosis medication after the 

index date, the mean proportion of days covered varied from 0.43 (Korea) to 0.70 (U.S. 

Medicare) up to 1 year of follow-up time (Table 3). Over half of patients in the U.S. and 

Spain had a proportion of days covered greater than or equal to 0.75 in the first year 

following hip fracture, as did 22% in Korea.

DISCUSSION

This is to our knowledge the largest cross-national study of osteoporosis medication use in 

vulnerable post-fracture patients. Baseline clinical characteristics and health care utilization 

patterns varied greatly between the three countries with different health care systems. We 

found that overall, only 11% to 39% of older patients hospitalized for incident non-traumatic 

hip fracture were treated with an osteoporosis medication within 3 months after their 

fracture. Strikingly, in the U.S., the proportion of patients who received an osteoporosis 

medication was lower after than before the index hip fracture. Furthermore, the use of 

osteoporosis medication after hip fracture did not appear to increase over time in any of the 

three countries. In fact, use of oral bisphosphonates, the most commonly used category of 

the osteoporosis drugs after hip fracture, decreased significantly over the years in Korea and 

Spain. In patients prescribed an osteoporosis medication after hip fracture, adherence was 

suboptimal, with the proportion of days covered up to 1 year below 0.70 in all three 

countries.

The results of this study highlight multiple issues related to the care of patients following hip 

fracture in several countries. Understanding factors related to health care systems and 

medication costs, providers and patients would help close current gaps in post-fracture care. 

First, having a better access to health care or lower (or absent) drug copayment requirements 

does not seem to fully explain the problems within the U.S. and across the three countries, 

since many of the needed medications are available generically and/or generously covered in 

many of the health systems we studied. While more patients received an osteoporosis 

medication after fracture in Korea and Spain, where universal health coverage with low drug 

copayment is available, compared to the U.S., the proportions were still far below the 

optimum even in those countries. In addition, there was not much difference in the use of 

osteoporosis medications between the U.S. Medicare vs. commercial insurance plans. Other 

factors including patients' comorbidities, concomitant medication use, frailty and preference 

may partly explain this low proportion of patients who filled a prescription for osteoporosis 

medication after a hip fracture.

Second, it is unclear why physicians do not adhere to current management guidelines for 

osteoporosis. In particular, it is puzzling why the proportion of patients who received an 

osteoporosis medication was lower after than before the index hip fracture in the U.S. As 

seen in prior studies including an Italian study, the percentage of patients with fractures of 

the contralateral femur was 4.4% and the re-fracturing rate within a year was 2.4% among 
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1,183 patients with a hip fracture.20 Even though evidence from randomized clinical trials 

did not show adverse effects on the healing of fractures in patients treated with 

bisphosphonates shortly after surgical repair of a hip fracture,8, 21 some surgeons may be 

hesitant to initiate a bisphosphonate upon discharge after a surgery for a hip fracture. Further 

research should determine why health care providers, either primary care providers or 

specialists, do not initiate an osteoporosis medication, particularly bisphosphonates, upon 

hospital discharge after hip fracture or at the first follow-up visit after discharge. Third, the 

utility of bone mineral density testing after hip fracture should be further studied. In our 

study, only 10–11% of patients in the U.S. had a bone mineral density measured after hip 

fracture while 61% did in Korea. The proportion of patients who received an osteoporosis 

medication within 6 months after hip fracture was higher in Korea compared to the U.S. As 

non-traumatic hip fracture is a manifestation of severe osteoporosis, osteoporosis treatment 

should be initiated with or without bone mineral density testing. It remains to be determined 

whether bone mineral density testing should be done prior to initiating osteoporosis 

treatment in post-fracture patients and whether doing so might increase the probability of 

providing osteoporosis treatment after hip fracture.

Fourth, future research should investigate why use of bisphosphonates for secondary 

prevention has remained constantly low or decreased over time. A recent cohort study using 

claims data from a different U.S. commercial health plan showed that approximately 20% of 

women aged 65 years or older initiated any osteoporosis treatment during the year following 

a new osteoporotic fracture and there was a significant decrease in the rate of osteoporosis 

medication following hip fracture over the past decade.22 Similarly, another U.S.-based 

study reported that the rate of osteoporosis medication use within 12 months after a 

hospitalization for a hip fracture decreased from 40.2% in 2002 to 20.5% in 2011.18 Some of 

the decline in bisphosphonate use may be related to increasing concerns over potential side 

effects of bisphosphonates such as atrial fibrillation, atypical femur fracture, osteonecrosis 

of the jaw and esophageal cancer over past several years.23–26 Both patients and health care 

providers may need a better understanding of benefits versus harms related to 

bisphosphonates. Lastly, there is a need to improve patient adherence to medication as also 

seen in other studies,27 as higher medication adherence is associated with a lower risk of 

recurrent fracture.28, 29

This study has limitations. First, the study period varied somewhat across data sources, but 

there was a good overlap between 2008 and 2011 in all three countries. Second, as we used 

both inpatient diagnosis and procedure codes to identify patients with hip fracture in each 

data source, patients with hip fracture who did not undergo a surgical procedure were not 

included in this study. Thus, our results may be underestimates of the use of osteoporosis 

medication. Third, this study did not assess use of calcium and vitamin D. Fourth, this study 

was unable to assess whether osteoporosis medication was prescribed but patients decided 

not to fill a prescription (i.e. primary non-adherence). Lastly, no statistical analysis directly 

comparing one country to another adjusting for patients' characteristics was performed as we 

did not have an access to individual level data from each country.

In conclusion, regardless of differences in health care delivery systems and medication 

reimbursement plans, the use of osteoporosis medications for the secondary prevention of 
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osteoporotic fracture was quite low, and did not increase over time in all three countries 

studied. Even after these drugs were prescribed, patient adherence to treatment was also 

suboptimal, despite the availability of effective, safe, and affordable medications to address 

this problem. This study highlights the urgent need for a better approach to improve the 

secondary prevention of osteoporotic fracture worldwide.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Trend in the use of osteoporosis medication after hip fracture
(A) Proportion of patients who filled a prescription for any osteoporosis medications within 

3 months after hip fracture

(B) Proportion of patients who filled a prescription for oral bisphosphonates within 3 months 

after hip fracture
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Table 1

Baseline characteristics of study cohorts in the 365 days prior to the index hip fracture

U.S. Medicare (2005–2008) U.S. Commercial (2003–2012) Korea (2007–2011) Spain (2007–2012)

N 4,704 6,700 57,631 17,167

Follow-up (year) 1.1 ± 0.8 1.8 ± 1.6 2.0 ± 1.1 2.3 ± 1.5

Percentage or mean ± standard deviation

Demographic

Age 82.1 ± 7.6 76.6 ± 4.2 78.5 ± 7.1 82.7 ± 6.8

Female 74.7 74.1 75.8 77.7

Comorbidities

Osteoporosis-related

Osteoporosis 30.5 27.5 31.2 19.8

Prior fall 9.1 9.2 0.2 n/a

Prior fracture 30.4 35.7 35.9 15.3

Prior bone mineral density 
test 9.3 6.9 15.8 n/a

Other comorbidities

Parkinson's disease 5.8 5.5 5.0 6.2

Dementia 32.2 28.5 18.1 21.9

Hypertension 78.6 70.9 66.5 62.1

Diabetes 30.5 24.4 22.7 30.4

Coronary artery disease 36.5 29.0 16.8 9.8

Stroke 18.8 16.2 19.2 10.8

Heart failure 26.0 20.0 6.6 9.3

Chronic lung disease 14.8 13.0 26.6 11.4

Chronic kidney disease 12.7 9.3 2.9 4.7

Inflammatory arthritis 15.2 11.6 8.2 2.0

Medication use

Oral steroids 10.8 11.7 27.7 8.3

Anticonvulsants 11.0 10.5 10.0 10.7

Antipsychotics 10.7 8.9 6.0 18.0

Sedatives 14.6 20.1 49.6 51.6

Lipid-lowering drugs 35.9 36.1 18.0 35.6

Opioids 30.1 32.8 2.9 20.6

Proton pump inhibitors 23.4 21.1 11.4 63.8

SSRIs 25.8 25.5 6.5 20.1

Non-selective NSAIDs 12.7 12.0 73.0 39.4

Cyclooxygenase-2 3.7 6.7 9.0 8.8

inhibitors

Thyroid hormone 17.6 18.5 1.4 5.4
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U.S. Medicare (2005–2008) U.S. Commercial (2003–2012) Korea (2007–2011) Spain (2007–2012)

Beta-blockers 28.9 28.6 21.1 14.3

Calcium channel blockers 25.2 24.5 44.8 24.2

ACE inhibitors 26.0 26.9 8.9 22.9

ARBs 12.9 14.2 27.6 34.6

Diuretics 40.5 39.8 36.2 33.7

Health care utilization

ED visits 48.8 47.3 12.4 38.4

Acute hospitalizations 37.4 45.5 41.1 19.3

No. of prescription drugs 8.4 ± 7.1 8.7 ± 7.0 26.6 ± 18.3 9.4 ± 4.5

No. of outpatient physician 
visits 8.0 ± 7.4 7.8 ± 7.3 29.6 ± 33.2 12.1 ± 11.1

ACEI: angiotensin-converting enzyme, ARB: angiotensin receptor blocker, SSRI: selective serotonin reuptake inhibitors, NSAID: non-steroidal 
anti-inflammatory drug, ED: emergency department
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