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Background: Fractures in older patients are common, morbid, and associated with increased 

risk of subsequent fractures. Inpatient and outpatient management and treatment of fractures 

can be costly. With more emphasis placed on quality care for Medicare beneficiaries, we studied 

if patients were receiving proper screening for osteoporosis and treatment after diagnosis of 

fracture. This study aims to determine if adequate screening and treatment for osteoporosis 

occurs in the postfracture period.

Methods: A retrospective analysis of Medicare beneficiaries aged 67 years or older was 

gathered from a single institution in both inpatient and outpatient visits. Based on International 

Classification of Diseases ninth revision codes, primary diagnosis of fractures of neck and trunk, 

upper limb, and lower limb were obtained in addition to current procedural terminology codes 

for fracture procedures. We studied patients who had been screened for osteoporosis with a 

bone mineral study or received osteoporosis treatment after their fracture.

Results: Medicare beneficiaries totaling 1,375 patients were determined to have an inclusion 

fracture between June 1, 2013 and November 30, 2014. At the time of our analysis on December 1, 

2014, 1,219 patients were living and included in the analysis. Of these patients, 256 (21.0%) either 

received osteoporosis testing with bone mineral density or received treatment for osteoporosis. 

On sex breakdown, 208/820 (25.4%) females received proper evaluation or treatment of osteopo-

rosis in comparison to 48/399 (12.0%) males. This is in comparison to the Centers for Medicare 

and Medicaid Services’ national average of 19.1% for osteoporosis management in females.

Conclusion: A minority of studied patients received evaluation or treatment for osteoporosis 

after their fracture. Postfracture investigation and treatment for osteoporosis in Medicare ben-

eficiaries is inadequate. If improved, Medicare costs could be reduced by prevention of future 

fractures. Future studies could determine how best to ensure this intervention occurs.
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Introduction
Osteoporosis is a common, debilitating, yet under recognized disease in many older 

patients. Unfortunately, fractures are the initial clinical presentation. These can carry 

high mortality risk and lead to decreased functional status. Fractures often require 

expensive inpatient admissions and surgical corrections. Furthermore, a history of 

any fragility fracture is a strong risk factor for subsequent fracture. In spite of wide 

availability of bone mineral density (BMD) testing and availability of several antios-

teoporosis medications, a majority of patients following fragility fractures are neither 

screened for osteoporosis nor treated.1

Current recommendations to initiate treatment for osteoporosis are based on history 

of fragility fracture, BMD that is ,2.5 standard deviations below the BMD of a young 

adult reference range, and if Fracture Risk Assessment Tool demonstrates 10-year risk 
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of .3% for hip fracture or .20% for major osteoporotic 

fracture. With many fragility fractures first identified in the 

inpatient setting, it has been well established that post-fracture 

osteoporosis evaluation and treatment was uncommon.2–4

By 2025, annual fracture and costs are expected to rise by 

almost 50%, incurring US$25.3 billion in health care costs.5 

This rise is due to increased incidence in an aging population 

seeking medical care. Osteoporotic fractures are responsible 

for almost 2.5 million medical office visits, 432,000 hospital 

visits, and 180,000 nursing home admissions each year.6

As overall life expectancy has increased over the past 

decades, so has the amount of patients reaching the age of 

67 years or older. This has increased the utilization rate and 

costs of the Medicare program, which is a national health insur-

ance program for legal residents of USA who are .65 years 

old. Improvement in post-fracture evaluation for osteoporosis 

and treatment rates can both reduce health care costs and 

patient morbidity and mortality. The aim of this study is to 

identify and characterize Medicare patients aged 67 years or 

older who do not undergo osteoporosis treatment or evalua-

tion and ultimately prevent osteoporosis afterward.

Methods
This was a retrospective, observational analysis of Medicare 

patients carried out at a single Midwestern university-based 

academic hospital, which is a large referral center. We studied 

Medicare patients aged 67 years or older who suffered a 

fracture within the last 18 months and had received a BMD 

test or prescription for a drug to treat or prevent osteoporosis 

afterward. Age 67 years was chosen based on previously pub-

lished Medicare data provided by Centers for Medicare and 

Medicaid Services. We chose similar age criteria in our study 

to compare their results. A 3-month lag period was included 

to allow a fracture captured late in our encatchment dates to 

allow appropriate evaluation and treatment for osteoporosis by 

physicians. Data were obtained from inpatient and outpatient 

diagnosis codes from the electronic medical record and elec-

tronic billing service from February 1, 2013 to July 31, 2014. 

Due to the fact that this was a quality improvement study, the 

institutional review board at the University of Kansas deemed 

ethical approval was not necessary.

The denominator included diagnosis and procedures that 

identified clinically relevant fractures or procedures to treat frac-

tures. Fractures that were included were obtained from Interna-

tional Classification of Diseases ninth (ICD-9) revision codes, 

including 733 (osteopathies, chrondropathies, and acquired 

musculoskeletal deformities but osteoporosis was excluded), 

805–809 (fracture of neck and trunk), 810–819 (fracture of 

upper limb), 820–829 (fracture of lower limb), 79 (reduction 

of fracture and dislocation), 81.65, and 81.66 (other procedures 

on spine), and current procedural terminology codes of surgi-

cal procedures on the musculoskeletal system. Excluded was 

822–825 (fracture of lower leg) to eliminate ankle, forefoot, 

and toe fractures. Excluded were patients with transportation 

accident-induced fractures or pathologic fractures.

The numerator included patients who had an inclusion 

fracture or surgical procedure and received BMDs or osteopo-

rosis medications. Osteoporosis medication included bispho-

sphonates; calcitonin; hormone therapy, including estrogen, 

teriparatide, and pamidronate; and the immunological agent 

denosumab.

Data sources and extraction
University of Kansas Medical Center clinical data repository, 

Healthcare Enterprise Repository for Ontological Narration 

(HERON) was used to query and extract the data for analysis. 

HERON is an integrated repository of University of Kansas 

Medical Center patient data, using the open-source i2b2 data 

architecture and querying platform. Refreshed monthly, 

HERON joins data from various sources to provide an 

extended electronic health record across the continuum of 

care, including Epic (hospital electronic medical records) 

and IDX (clinical billing system).

After being extracted from HERON, the data were loaded 

into R (an open-source statistical analysis programming 

tool; https://CRAN.R-project.org/), where further cohort 

identification and characterization was performed. An aggre-

gated patient-level dataset was created to provide for further 

statistical analysis.

statistics
Chi-square analysis was performed for assessing the 

association of individuals who were screened with a bone 

density or treated with osteoporotic medication and different 

comorbidities (sex, age, diabetes, cancer, and chronic kidney 

disease) (Table 1).

Results
From February 1, 2013 to July 31, 2014, 6,850 patients 

were identified as having sustained a fracture after exclud-

ing traumatic fractures. A total of 1,375 patients sustained 

fracture after the age of 67 years. Of these patients who 

met the inclusion criteria, 1,219 were living at the time of 

data extraction on December 1, 2014. Deceased patients 

were excluded from further analysis. Patients with chronic 

kidney disease stage IV or V were removed from the analysis 

as many osteoporosis medications are contraindicated in 

this population.
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Table 1 Descriptive analysis of post-fracture health care by sex, 
age, and comorbid conditions

Category Individuals who sustained a fracture (N=1,219)

Treated or  
screened (%)

No  
intervention (%)

All (%)

Age, years 67–75 9.11 38.06 47.17
76–85 9.02 28.47 37.49
.86 2.87 12.47 15.34

sex** Female 17.06 50.21 67.27
Male 3.94 28.79 32.73

Diabetes no 17.23 63.41 80.64
Yes 3.77 15.59 19.36

Cancer no 17.56 68.66 86.22
Yes 3.45 10.34 13.78

CKD no 20.75 76.70 97.45
Yes 0.25 2.30 2.55

Note: **P,0.01.
Abbreviation: CKD, chronic kidney disease.

Figure 1 PhM2 – osteoporosis management in older patients, experiencing a fracture from February 02, 2013 to July 31, 2014.
Abbreviations: n, number of patients; w/o, without.

In the included patients, 1,007 fractures were sustained. 

The most common fractures encountered were closed 

vertebral fractures (ICD-9 codes 805.2 and 805.4) and 

closed femoral neck fractures (ICD-9 code 820.8). A total 

of 267 patients were diagnosed with various osteopathies, 

including nonunion or stress fractures. A total of 469 patients 

underwent orthopedic procedures to correct the fractures 

mentioned previously (Figure 1).

As expected, fractures were seen more frequently in older 

female patients than in their male counterparts. This is simi-

lar to previously published data.7 Of the 1,219 patients, 820 

(67.2%) were females and 399 (32.7%) were males. This was 

an expected sex difference, which has been documented in 

prior studies.4,8 The ages in which males and females sustained 

their fractures were similar. The mean age for females was 

77.76 years in comparison to 75.78 in males (Table 2).

Of the 1,219 patients studied, treatment or screening for 

osteoporosis by BMD occurred in 256 (21.0%) patients. 

Treatment medications (bisphosphonate therapy, teriparatide, 

calcitonin, raloxifene, and estrogen replacement) were 

received by 219 (18.0%) patients and immunologic agent, 

denosumab, by 31 (2.5%) patients. Alendronate was the 

most common treatment received by 92 patients (Figure 2). 

When looking at osteoporosis screening and treatment after 

a fracture, males underwent less osteoporosis testing than 

females. Of the 399 males studied, only 48 (12.0%) either 

received BMD or treatment for osteoporosis following a 

fracture. Conversely, 208/820 (25.4%) females during the 

same time period received BMD evaluation or osteoporosis 

treatment; this was statistically significant with P,0.05 

(Figure 3). There was no association between incidence of 
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being screened or treated with the comorbid conditions of 

diabetes, malignancy, and chronic renal disease. In addi-

tion, age of the individual did not influence the treatment 

plan (Table 1).

Data were also obtained regarding the time of the year 

the index fracture was sustained. The least number of 

fractures occurred in February 2014; however, the largest 

number of fractures were seen in December 2013. Overall, 

fractures appeared to occur throughout the entire calendar 

year at a steady rate.

Discussion
Our research extracted data from our electronic medical 

record system and billing databases, and analyzed the rate of 

subsequent bone mineral testing or treatment for osteoporosis 

in patients sustaining low trauma fractures. Testing or treat-

ment occurred for 25.4% of females, 12.0% of males, and 

21.0% for all subjects. This is consistent with the national 

average of osteoporotic fracture management in females, as 

published in the 2012 Medicare report provided by Centers 

for Medicare and Medicaid Services.9

When we compared our study to previous large insur-

ance claims data published recently, results are very similar. 

In addition to medications used, we were able to capture 

the rate of bone densities done in this high-risk population 

18 months after the initial fracture. The data consistently 

shows an unmet need for the appropriate management of 

post-osteoporotic fracture.10

There has been increased emphasis on quality measures in 

health care in the USA in recent years, including evaluation 

and treatment of osteoporosis.11,12 This was recently reflected 

in a letter to the New England Journal of Medicine by Ms 

Burwell, US Secretary of Health and Human Services.13 

She stated that Medicare has goal of linking fee-for-service 

payments to quality or value of 85% by 2016 and 90% by 

2018. In the Medicare population, post-fracture evaluation and 

treatment rates for females are often ,25%, based on data 

provided by National Committee for Quality Assurance.9 With 

data showing that by 2025, annual fracture costs are expected 

to rise by almost 50% and incur US$25.3 billion in health care 

costs, it is becoming imperative to ensure these patients are 

receiving proper evaluation and treatment for osteoporosis.5

As the use of electronic medical records is becoming 

more widespread throughout the USA, it is more feasible 

to identify patients quickly with fractures to ensure quality 

health care. It has been demonstrated that inpatient Medicare 

costs could be reduced by US$115.41 million and long-term 

care costs by US$43.51 million in 3 years if an additional 

1 million females would be simply screened for osteoporosis, 

ultimately preventing 35,000 fractures.10

Our university hospital data reflect the results of the 

national data, in which the majority of these fractures are 

evaluated by orthopedic surgeons. Oftentimes, following the 

presentation of fracture, medical management for osteopo-

rosis is not started. There is a lack of coordination of care. 

The American Society of Bone Mineral Research published 

Figure 2 PhM2 – osteoporosis management in older patients, experiencing a 
fracture (top ten treatments) from June 01, 2013 to november 11, 2014.
Abbreviation: BMD, bone mineral density.

Figure 3 PhM2 – osteoporosis management in older patients, experiencing a 
fracture from June 01, 2013 to november 11, 2014.
Note: living female and male at least 67 years old, who suffered a fracture within 
the 18 months (shown in red and green), and have received bone mineral density 
testing or osteoporosis medication afterward (shown in green).

Table 2 PhM2 – osteoporosis management in older patients, experiencing a fracture from June 01, 2013 to november 11, 2014

Age at onset Sex Race

Female Male Am Indian Asian Black Other White

Min 67 67 67 67 68 67 67 67
First quartile 71 71 70 67.5 71 71 70.5 71
Median 76 77 75 68 73 76.5 78 76
Mean 77.11 77.76 75.78 70 76.8 77.6 79.03 76.99
Third quartile 83 83 81 71.5 83 84 87 82
Max 102 102 96 75 95 102 97 101
Count 1,219 820 399 3 15 86 59 1,056

Abbreviations: Min, minimum; Max, maximum.
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a report discussing the importance of a fracture liaison ser-

vice to engage high-risk patient with pathways to treatment. 

A multidisciplinary approach is needed to achieve quality 

care in post-fracture management. Previous studies have 

shown that fracture liaison service has increased the rate of 

treatment post-fracture to 80%.11

There are several limitations to consider. This is retro-

spective data extraction that may have inaccuracies based on 

coding and misdiagnosis. Also, we were not able to follow 

these patients after discharge from the hospital to outside 

institutions. They may have had BMD or treatment at another 

medical office or medical center unrelated to our institution. 

Thus, our data would underestimate the total number of 

individuals who received the primary outcome. We were 

unable to exclude the possibility that, the severity of illness 

could preclude individuals from appropriate follow-up and 

therefore limit access to care.

The strength of our study included the 1,219 patients who 

sustained a fracture. We were able to collect basic informa-

tion on demography and some comorbidities. In addition, 

the electronic medical record allowed us to identify that 

osteoporosis medications were prescribed for our cohort. The 

uniqueness to our study compared to prior studies includes 

the comparison of males in addition to females as occurring 

in most traditional osteoporotic studies.9

Conclusion
There is a great need to create clinical pathways to coordinate 

effective and efficient care. This in turn will help patient 

outcomes and reduce health care costs. Further research 

is needed to determine the optimal mechanism to identify 

these patients to ensure proper screening and treatment 

of osteoporosis.
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