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Abstract

Background/Objectives—Recurrent fracture risk is high among fragility fracture survivors.
Osteoporosis treatment reduces recurrent fractures and consequent morbidity and mortality. To
assess uptake of post-fracture care guidelines, we studied osteoporosis care in a national cohort of
community-dwelling, Medicare patients with fractures.

Design—~Retrospective, observational cohort study.

Setting—Claims based study using U.S. Medicare administrative inpatient, outpatient (2003—
2010) and prescription (2006-2010) data.

Participants—Patients 68 years or older who survived at least 12 months after a fracture of the
hip, radius or humerus

Measurements—~Poisson regression modeled factors, including patient characteristics, co-
morbidities and hospital referral region (HRR), associated with bone density testing and/or
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osteoporosis pharmacotherapy in the 6 months following fracture. Models were repeated for
patients with no osteoporosis care observed prior to fracture (“attention naive”™).

Results—Among 61,832 fracture patients, mean age was 80.6; 87.0% were female; 88.5% were
white; 2.6% were Black; 62.1% were “attention naive” at the time of fracture. 21.8% received
testing and/or pharmacotherapy in the 6 months following fracture. In adjusted models, factors
associated with significantly lower likelihood of receiving this care were: Black race, male sex,
and an upper extremity fracture (vs. hip). In models restricted to “attention naive” patients the
same factors were associated with lower RRs of achieving care. Adjusted HRR-level care rates
ranged from 14.7%-22.9% (10 to 90" percentile). The proportion receiving care increased from
2006 to 2009.

Conclusion—Post-fracture osteoporosis care was uncommon, particularly among Black and
male patients. Care increased over time, but for most a fracture was insufficient to trigger effective
secondary prevention, especially for patients without pre-fracture osteoporosis attention.
Clinicians and policy makers must consider effective remedies to this persistent care gap.

Keywords
Medicare; Osteoporosis; Fragility Fracture

INTRODUCTION

Fragility fractures associated with osteoporosis confer substantial morbidity, mortality and
health care costs on older adults.(1-3)Patients with hip, humerus, or radius fractures have a
high risk of recurrent fracture.(4)Patients who sustain a hip fracture have an estimated 5- to
8-fold increased 3-month risk of death.(2)Appropriate attention to osteoporosis can reduce
the risk of recurrent fractures and the associated impact on quality of life and longevity.(5,
6)Evidence-based guidelines recommend bone density testing and osteoporosis
pharmacotherapy after a fracture.(7, 8)In 2004, the National Committee on Quality
Assurance (NCQA) introduced an osteoporosis care quality measure, endorsed by the
National Quality Forum (NQF); the measure assesses receipt of appropriate bone density
testing and pharmacotherapy within 6 months of a fragility fracture for women over age 67.
(9, 10)

Despite the development and dissemination of treatment guidelines and the NCQA quality
measure aimed at promoting osteoporosis care in fracture patients, studies have shown
persistent low testing and treatment rates.(11-15) Research has also documented treatment
disparities by fracture type (hip compared to upper extremity) and among populations
typically considered at low risk for osteoporosis, such as Black and male patients.(11, 14—
19)

Previous studies of post-fracture care have largely been limited to select patients in a single
geographic region or institution, have small study populations, rely on survey methods or
assess inpatient treatment only.(13, 16, 17, 20, 21) Many predate the emergence and broad
dissemination of pharmacotherapy guidelines and the NCQA quality measure.(11, 14, 16,
17) Research examining guideline concordant, post-fracture osteoporosis management
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specifically among beneficiaries in Medicare, the largest payer for such care, has likewise
been limited. Previously published Medicare studies of osteoporosis care have used
managed Medicare plan (Medicare Advantage) data or examined care in a broad group of
osteoporosis patients, not specifically the group at highest risk for a fracture: those who have
already incurred one.(22-24) Medicare Advantage plans vary and provide care through an
integrated delivery model; as a consequence observations may not be generalizable to other
Medicare Advantage plans. They are likely even less generalizable to the larger fee-for-
service Medicare population for whom care delivery is not necessarily as highly integrated
or coordinated.

We used fee-for-service Medicare administrative data to advance the understanding of
osteoporosis management through examination of care among a cohort of patients who
should likely be the highest priority for attention to osteoporosis, fragility fracture survivors
(patients who sustained a fragility fracture and survived at least 12 months). By restricting
our cohort to community dwelling patients, continuously insured for inpatient, outpatient
and prescription services, we believe this analysis provides a conservative and valid
assessment of recent uptake and dissemination of fragility fracture care guidelines and an
indication of post-fracture care quality among older adults in the U.S. Understanding factors
associated with the likelihood of receiving recommended care will help inform policies and
practices aimed at improving care and reducing the burden of osteoporosis in this population
of vulnerable older adults.

METHODS

Using Medicare claims data we identified fragility fracture survivors and assessed the use of
bone density testing and osteoporosis pharmacotherapy in this cohort after a fracture. We
then evaluated factors associated with the likelihood of receiving this care.

Setting and Design

From a 40% random sample of Medicare beneficiaries, we identified U.S. residents age 68
years or older who experienced a fragility fracture between May 1, 2006 and December 31,
2009 and were continuously enrolled in fee-for-service Medicare Part A (insurance for
inpatient services) and Part B(insurance for outpatient services) for at least 36 months
preceding the index fracture and at least 12 months following the fracture. This 36-month
“look back” period was used to distinguish incident, from prevalent fractures and initial
from subsequent fractures. The time period was also used to ensure Medicare enrollment in
the time before fracture so that we might ascertain pre-fracture bone density testing. This
study design resulted in the exclusion of incident fractures occurring between age 65
(Medicare enrollment) and age 68, our earliest entry age. To capture use of osteoporosis
pharmacotherapy, we required cohort members to have continuous Medicare Part D
(prescription drug insurance)enrollment for at least the 4 months preceding and 12 months
following the index fracture and at least one Part D prescription drug fill claim in the 12
months following the fracture.

Fragility fractures were defined as (1) at least one Current Procedural Terminology (CPT)
code for hip fracture repair or (2) at least one International Classification of Diseases, Ninth
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Edition(ICD-9) diagnosis code for distal radius or proximal humerus fracture plus at least
one upper extremity radiography claim within 7 days (plus or minus) of the index ICD-9
diagnosis claim date. (Appendix Table 1) Vertebral fractures were included as a covariate in
the analysis (see below), as an indicator of higher fracture risk, but not included as an index
fracture for cohort inclusion because the onset of these fractures is difficult to determine
using claims data.

Cohort Exclusions

Outcomes

Covariates

To ensure a relatively homogeneous cohort of patients newly experiencing a fragility
fracture, we excluded patients with a non-vertebral fragility fracture in the 36 months
preceding the index fracture. Patients were also excluded if (1) they were hospitalized in an
acute care facility for more than 90 days of the first 6 months following index fracture, (2)
original Medicare eligibility was due to disability or end-stage renal disease, (3) they had
one or more diagnosis for cancer (other than non-melanoma skin cancer) at any time in
claims records analyzed, (4) they were enrolled in hospice at any point in the observation
period, or (5) they did not survive 12 months after the index fracture. Patients were also
excluded if any prescriptions were filled at a long term care pharmacy.(25) We excluded
these patients to optimize prescription claim capture and to establish a cohort of community
dwelling patients most appropriate for osteoporaosis care.

The principal outcome was attention to osteoporosis defined as bone density testing and/or
receipt of osteoporosis pharmacotherapy within 6 months of an index fracture. This outcome
and time frame were based upon the NCQA/NQF quality measure for “Osteoporosis
Management in Women who had a Fracture.”(9)We defined receipt of osteoporosis
pharmacotherapy(henceforth referred to as pharmacotherapy) as one or more prescription
fill(s) for pharmacotherapy appearing in the Part D Prescription Drug Event File (PDE) or a
claim for zoledronic acid infusion in the Medicare Part B files. Medications considered
pharmacotherapy included oral estrogens, raloxifene, calcitonin, teriparatide, and
intravenous and oral bisphosphonates.(Appendix Table 2) We identified bone density testing
through Part B claims.(Appendix Table 3) Secondary outcomes included receipt of testing
and/or pharmacotherapy within 12 (rather than 6) months of index fracture,
pharmacotherapy alone, bone density testing alone, and receipt of both.

Using Medicare denominator files and claims data for inpatient and outpatient services, we
obtained the following covariates: age (categorized as 68-70, 71-75, 76—80, over 80), race/
ethnicity (white, Black, Hispanic, or other), sex, calendar year of fracture, and Part D low
income subsidy status, a measure of poverty and indicator of very low prescription cost
share.(26) Charlson co-morbidities present in >2% of the cohort were used to capture the
burden of co-morbid illness and were recorded if diagnosed once on an inpatient or twice on
an outpatient claim during the 36-month look-back period or in the 12 month period
following the index fracture.(27) (Appendix Table 4) In the main models, these were
categorized as 0, 1, 2, and = 3 co-morbidities. We also identified a diagnosis of vertebral
fracture and bone density testing occurring in the 36-months preceding fracture as well as
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pharmacotherapy preceding the index fracture (defined as Part D fill in the 4 months or Part
B record for zoledronic acid infusion in the 12 months before index fracture). Patient ZIP
code was used to assign each cohort member to a Dartmouth Atlas of Healthcare hospital
referral region (HRR).(28)

Poisson regression with robust variance estimation, clustered by HRR, was used to model
bone density testing and/or pharmacotherapy in the 6 months following fracture. These
models included anatomic location of the index fracture (hip, radius, humerus) and
covariates listed above. Poisson models were also used to derive fully adjusted HRR level
percent of patients receiving attention to osteoporosis among HRRs with at least 50 cohort
members.

Secondary Analyses

RESULTS

In secondary analyses, we repeated the main analyses examining bone density testing and
pharmacotherapy independently as outcomes. We also repeated models for the main
outcome allowing a 12 month post-fracture period. To assess the impact of individual co-
morbidities rather than co-morbidity count categories, we ran models including individual
co-morbidities (rather than summary counts). For these models we added to the Charlson co-
morbidities two broad mental illness states: depression and serious mental illness
(schizophrenia, bipolar and other non-organic psychoses). We also repeated main models
separately in the following sub-cohorts: (1) those with no evidence of testing or
pharmacotherapy prior to fracture (“attention naive” sub-cohort) (2) women only
(population for the NCQA/NQF quality measure) (3)hip and non-hip fracture type.

We identified 61,832 fracture patients meeting inclusion criteria. Distribution of fracture
type was 37.3% hip, 19.8% proximal humerus, and 42.9% distal radius. (Table 1) The mean
age was 80.6(standard deviation 7.0); 87.0% of patients were female; 88.5% were white;
2.6% were Black. Overall, 9.6% of the cohort received pharmacotherapy prior to the index
fracture and 34.1% received bone density testing in the 36 months before fracture. Prior to
fracture, 62.1% had no observed testing or pharmacotherapy; we describe this sub-cohort as
“attention naive.” Compared to the overall cohort, the “attention naive” patients were more
likely to be older, have higher comorbidity counts, be men, and be of non-white race/
ethnicity. Characteristics of the women only sub-cohort, analyzed separately due to their
specific targeting by the NCQA/NQF quality measure, paralleled the overall cohort which
was 87% women.

We examined the unadjusted prevalence of post-fracture osteoporosis care and found low
achievement of care. Overall, 21.8% of the cohort received testing and/or pharmacotherapy
in the 6 months following fracture. Among these 7.5% received bone density testing, 11.7%
received pharmacotherapy and 2.6% received both. (Appendix Table 5) Greater attention to
osteoporosis was seen with the progression of calendar time. Among patients fracturing in
2006, 16.8% received attention to osteoporosis within 6 months. Among those with fractures
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in 2008 and 2009, the proportion achieving this care was 22.1% and 30.5%, respectively.
(Table 2) Among the “attention naive” sub-cohort, osteoporosis care after fracture was less
common:11.8% received testing and/or pharmacotherapy in the 6 months following fracture
(7.2% bone density testing, 3.1% pharmacotherapy, and 1.5% both). In the sub-cohort of
women, 23.9% received testing and/or pharmacotherapy in the 6 months following fracture.

Models fully adjusted for patient characteristics and co-morbidity count categories were run
on the main outcome (testing and/or pharmacotherapy within 6 months)for the overall
cohort and separately for “attention naive” patients and women (Table 3). Factors most
strongly associated with a lower likelihood of attention to osteoporaosis in the full cohort
were: age over 80 (vs. 68-70), relative risk (RR)0.83 (95% CI 0.78, 0.88), male sex RR 0.45
(95% C1 0.41, 0.49), Black race (vs. white) RR 0.80 (95% CI 0.70, 0.92). Compared to
patients with a hip fracture, patients with humerus fractures RR 0.85 (95% CI 0.82, 0.90)
and radius fractures RR 0.94 (95% CI 0.91, 0.97) were less likely to receive osteoporosis
care. Greater likelihood of post-fracture attention to osteoporosis was seen among those with
testing RR 1.29 (95% CI 1.25, 1.34) or pharmacotherapy RR 4.84 (95% CI 4.65, 5.02) prior
to fracture.

Fully adjusted models including only the “attention naive” sub-cohort paralleled those of the
full cohort but with stronger estimates: age over 80 (vs. 68-70) RR 0.63 (95% CI 0.57,
0.70), male sex RR 0.39 (95% CI 0.36, 0.40), Black race (vs. white) RR 0.80 (95% CI 0.67,
1.0), humerus or radius fracture (vs. hip) RR 0.66 (95% CI 0.61, 0.70) and RR 0.77 (95% ClI
0.72, 0.80), respectively. In the models restricted to women, lower likelihoods of attention to
osteoporosis were associated with age over 80 (vs. 68-70) RR 0.83 (95% C1 0.79, 0.86) and
Black race (vs. white) RR 0.82 (95% CI 0.74, 0.91).

Region of residence was associated with substantial differences in osteoporosis care. In the
285 (of 306) HRRs with 50 or more cohort members, the unadjusted median estimate for
post-fracture attention to osteoporosis was 21.5%. In adjusted analyses, the likelihood of
testing and/or pharmacotherapy ranged from 6.4% to 37.0%; the 10™ to 90t percentile
range was 14.7% to 22.9%. See Figure 1 for HRR map of care distribution.

Secondary analyses

When we allowed 12 months to achieve the primary outcome, 28.4% of patients in the
overall cohort received testing and/or pharmacotherapy. Characteristics associated with
achieving this outcome in 12 months paralleled the main, 6-month models. (Appendix Table
6) In models including individual comorbidities rather than co-morbidity count categories,
only dementia, congestive heart failure (CHF) and rheumatoid arthritis (RA) were associated
with a statistically significant differences in likelihood of attention to osteoporosis with a RR
0.89 (95% CI 0.83-0.94) for dementia, a RR 0.92 (95% CI 0.87-0.96) for CHF, and a RR of
1.2 (95% CI 1.13-1.30) for RA.

DISCUSSION

The vast majority of this large cohort of older, community dwelling fragility fracture
survivors did not receive attention to osteoporosis following their fracture events. The
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prevalence of treatment was even lower in select subpopulations. These low levels of care
reflect current management of patients insured for services and prescriptions, and these
patterns occurred in the context of ample evidence, treatment guidelines, and quality
measures emerging steadily since 2000.(8, 9, 29) The proportion of patients achieving
guideline concordant care in this study is similar to that reported in earlier publications on
distinct populations.(11, 12, 16, 30)While it is encouraging that osteoporosis care quality
improved modestly over our study period, the overall proportion remains remarkably low.

Attention to osteoporosis was especially low among Black patients and men. These
disparities have been documented by others.(14, 16-18, 31) Our findings provide a national
and recent depiction of care for male and Black fracture survivors. Although male and Black
patients have a lower risk of developing osteoporosis, hip fractures in male and Black
patients are associated with a higher mortality rate compared to females and white patients,
respectively.(32, 33)As most clinical research trials for osteoporosis have focused on white
women, there is limited evidence for the efficacy and effectiveness of pharmacotherapy in
osteoporotic male and Black patients. Studies show treatment of osteoporotic males and
Black patients improves markers of bone turnover, reduces vertebral fractures and that
testing is cost-effective.(34-37) Furthermore, once a fragility fracture occurs, patients are
considered osteoporotic and should be considered for treatment regardless of their
predisposing risk factors, gender or race.(7, 8, 38) We found “attention naive” patients were
the least likely to achieve care after a fracture. This suggests that some combination of
clinician and patient factors results in inattention to osteoporosis among patients at risk
before a fracture occurs. More importantly, for most the approach does not change even
after a fracture is sustained. That this pattern of inattention to osteoporosis emerged from
this insured cohort demonstrates that insurance coverage alone is not sufficient to achieve
quality care and raises questions about other factors influencing the persistent post-fracture
care gap.

Compared to hip fracture patients, we found humerus and radius fracture patients less likely
to receive attention to osteoporosis. Although the morbidity and mortality associated with
upper extremity fractures is lower than that of hip fractures, one fragility fracture
significantly increases the risk for a future fracture and is a better predictor of future
fractures than low bone density.(19, 39, 40) An upper extremity fragility fracture should be
recognized as a herald for risk of a more debilitating event, a hip fracture, and thus should
prompt heightened attention to osteoporosis.

That region of residence is associated with substantially different care patterns suggests

local patient, clinician and system characteristics are important determinants of osteoporosis
care quality. Examination of outliers (both high and low) could reveal factors associated
with lesser and greater attention to osteoporosis. This could help inform policies and identify
opportunities for targeted interventions.

Care gaps in secondary prevention have been observed among older adults for other
conditions. Studies reveal low use of beta-blockers and statins among patients over 65 after
hospitalization for acute coronary events; patients over the age of 80 are even less likely to
receive this evidence-based care.(41, 42) The pattern, recapitulated by this and other
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osteoporosis care studies, suggests the need for broad physician and patient education as
well as policy interventions targeting secondary prevention among high-risk older patients.

Although this study identified patient characteristics and regions associated with lower
attention to osteoporosis after a fracture, the determinants of the observed care are
imperfectly understood. Likely many factors influence these care gaps including: clinician
knowledge about the benefits of osteoporosis treatment in selected populations such as men
and Black patients, lack of care continuity between the orthopedists treating a fracture and
primary care physicians who generally manage bone density testing and pharmacotherapy,
burdensome patient cost-share, competing co-morbidities, and patient preferences.(11, 43—
45)Clinician and patient concerns for severe adverse effects of bisphosphonates such as
atypical femur fractures, osteonecrosis of the jaw, esophageal cancer and fracture non-union
may contribute to treatment gaps in current practice.(46, 47) As these issues began to
emerge near the end of or after our study period, they likely do not explain much of the low
treatment prevalence we observed.

Our study has important limitations. This claims-based analysis contains no information on
patient preferences or physician orders for testing or pharmacotherapy that were not
fulfilled. Our data include no information on calcium and vitamin D use as these products
are typically obtained over-the-counter. We thus cannot assess the use of this necessary but
insufficient component of osteoporosis management.(7, 8, 38) Such information would
permit a more complete understanding of care but would not change our findings or
conclusions. Our measured outcomes do not include pharmacotherapy such as intravenous
zoledronic acid infusion or bone density testing received during an inpatient stay. We
believe such treatment rare but these missing data could result in an underestimate of
outcomes.

The retrospective study included data beginning in May 20086, the first year of full Part D
drug program implementation. We use the first months of 2006 to assess pre-fracture
pharmacotherapy, but we lack information on oral pharmacotherapy prior to 2006. Similarly
we look back only 36 months for previous bone density testing. Some patients may have
received bone density testing and/or pharmacotherapy well before their observed fracture.
Although the optimal duration of pharmacotherapy with bisphosphonates remains
controversial, recent recommendations suggest three to five years of bisphosphonate use for
average risk patients.(48) Some patients may have received such a course of
pharmacotherapy prior to the observed index fracture, however patients who sustain a
fragility fracture are no longer considered average risk and resumption of osteoporosis
pharmacotherapy should be considered. (8, 38)

CONCLUSIONS

We found attention to osteoporosis after a fragility fracture uncommon in this large
population of older U.S. Medicare beneficiaries. We also found care disparities among
Black and male patients, among upper extremity fracture patients and in certain geographic
regions. While the optimal rate of osteoporosis testing and pharmacotherapy after a fracture
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in a population of older adults is not known, it is certainly less than 100%. Some of our
observed treatment gap is likely appropriate, perhaps reflecting patient preferences or
prioritization of competing morbidities.(45) A personalized approach to care is best, but
with more than 70% of patients receiving no pharmacotherapy or testing for osteoporosis
following a 2009 fracture, we believe these care patterns are not fully explained by a patient
centered approach. Many patients are likely unknowingly missing a potentially beneficial
secondary prevention opportunity.

Research into determinants of and solutions for care gaps is needed. At the clinical level,
care pathways, standard order sets and prompts from computerized order entry systems,
shared-decision making resources, and improved collaboration between orthopedists and
primary care clinicians are logical targets of interventions to improve care for fragility
fracture patients. At the health policy level, linking osteoporosis care quality measures to
financial incentives, for example, through the Centers for Medicare and Medicaid
Services(CMS) Accountable Care Organizations program may be an effective way to
advance improvements in post-fracture osteoporosis care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Proportion of Cohort Receiving Bone Density Testing and/or Osteoporosis Pharmacotherapy

Within 6 Months of Fracture by Dartmouth Atlas of Health Care Hospital Referral Region
(HRR)
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Unadjusted Prevalence of Bone Density Testing and/or Osteoporosis Pharmacotherapy in the Six Months
Following Fragility Fracture: Overall cohort, Attention Naive Sub-Cohort and Women Only Sub-Cohort

Overall
Age group

Sex

Race

Fracture location

Part D low income subsidy

Year of fracture

Charlson co-morbidity counts

Bone density test in 36 month look-

back

Osteoporosis pharmacotherapy before

fracture

Vertebral fracture in 36 month look-

back

68-70
71-75
76-80

>80

Male
Female
White

Black
Hispanic
Other

Hip
Proximal Humerus
Distal radius
No

Yes

2006

2007

2008

2009

Yes
No

Yes
No

Yes

Overall Cohort

Attention Naive Sub-Cohort

Women Sub- cohort

13,452

4,534

12,879

Percent Receiving Testing and/or Pharmacotherapy within 6 months of Fracture

21.8
23.3
24.7
23.6
19.8
7.2
23.9
21.9
13.2
19.7
26.9
21.1
19.6
23.4
23.1
18.7
16.8
16.0
22.1
30.5
25.2
23.1
21.3
175
16.2

324
14.8

87.3
215

28.3

11.8
14.0
14.4
135
10.2
5.7
13.3
11.9
8.6
11.9
13.4
12.8
9.8
11.9
125
10.4
10.3
10.1
13.3
131
13.4
12.9
11.8
9.5

11.8

14.1

23.9
26.9
21.7
25.8
21.4

24.1
14.4
21.8
29.1
235
21.6
253
25.7
20.0
18.4
175
24.3
33.8
27.2
25.0
23.4
19.8
18.5

32.9
16.2

87.4
23.7

30.1

Age is at time of fragility fracture. Race/Ethnicity groups are from Medicare Denominator file. Part D low income subsidy is an indicator of
income < 150% of federal poverty level. Charlson co-morbidities from 1987 Journal of Chronic Disease. Osteoporosis pharmacotherapy includes
receipt of one or more prescription fills for osteoporosis pharmacotherapy (bisphosphonate, calcitonin, estrogen, estrogen receptor modifier,

teriparatide) in the 4 months preceding fracture and/or intravenous zoledronic acid in the 12 months preceding fracture.
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