
Copyright 2016 American Medical Association. All rights reserved.

Patterns of Prescription Drug Use Before and After
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IMPORTANCE Patients who have a fragility fracture are at high risk for subsequent fractures.
Prescription drugs represent 1 factor that could be modified to reduce the risk of subsequent
fracture.

OBJECTIVE To describe the use of prescription drugs associated with fracture risk before and
after fragility fracture.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study conducted between
February 2015 and March 2016 using a 40% random sample of Medicare beneficiaries from
2007 through 2011 in general communities throughout the United States. A total of 168 133
community-dwelling Medicare beneficiaries who survived a fracture of the hip, shoulder, or
wrist were included. Cohort members were required to be enrolled in fee-for-service
Medicare with drug coverage (Parts A, B, and D) and to be community dwelling for at least
30 days in the immediate 4-month postfracture period.

EXPOSURES Prescription drug use during the 4-month period before and after a fragility
fracture.

MAIN OUTCOMES AND MEASURES Prescription fills for drug classes associated with increased
fracture risk were measured using Part D retail pharmacy claims. These were divided into 3
categories: drugs that increase fall risk; drugs that decrease bone density; and drugs with
unclear fracture risk mechanism. Drugs that increase bone density were also tracked.

RESULTS A total of 168 133 patients with a fragility fracture (141 569 women; 84.2%) met the
inclusion criteria for this study; 91.8% were white. Across all fracture types, the mean (SD) age
was 80.0 (7.7) years, and 53.2% of the fracture cohort was hospitalized at the time of the index
fracture, although this varied significantly depending on fracture type (100% of hip fractures,
8.2% of wrist fractures, and 15.0% of shoulder fractures). The frequency of discharge to an
institution for rehabilitation following hospitalization also varied by fracture type, but the mean
(SD) duration of acute rehabilitation did not: 28.1 (19.8) days. Most patients were exposed to at
least 1 nonopiate drug associated with increased fracture risk in the 4 months before fracture
(77.1% of hip, 74.1% of wrist, and 75.9% of shoulder fractures). Approximately 7% of these
patients discontinued this drug exposure after the fracture, but this was offset by new users
after fracture. Consequently, the proportion of the cohort exposed following fracture was
unchanged (80.5%, 74.3%, and 76.9% for hip, wrist, and shoulder, respectively). There was no
change in the average number of fracture-associated drugs used. This same pattern of use
before and after fracture was observed across all 3 drug mechanism categories. Use of drugs to
strengthen bone density was uncommon (�25%) both before and after fracture.

CONCLUSIONS AND RELEVANCE Exposure to prescription drugs associated with fracture risk is
infrequently reduced following fragility fracture occurrence. While some patients eliminate
their exposure to drugs associated with fracture, an equal number initiate new high-risk
drugs. This pattern suggests there is a missed opportunity to modify at least one factor
contributing to secondary fractures.
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F ragility fractures among the elderly population are a
source of substantial morbidity and mortality and are
associated with annual direct costs of over $16 billion.1,2

With morbidity, mortality, and financial burdens of fragility
fractures projected to increase as the US population ages,
there is an urgent need to identify individuals at risk for frac-
ture and to promote use of interventions that reduce fracture
occurrence.1,3,4 One clearly defined high-risk population is sur-
vivors of a first fragility fracture. Not only are such patients at
significantly increased risk of experiencing a second frac-
ture, the incidence is highest in the first 6 months after a first
fracture, highlighting the importance of identifying modifi-
able risk factors and interventions that can be implemented
immediately after an index fragility fracture.5-13

Prescription drugs represent a potentially modifiable risk
factor for a second fragility fracture. In recent years, many stud-
ies have linked commonly prescribed drugs to increased frac-
ture risk, either by increasing the risk of falls or by lowering
bone density.14-32 Other drugs, primarily bisphosphonates, have
been shown to increase bone density and decrease the risk of
subsequent fractures.16,33-35 Several research teams,36-39 in-
cluding our own,38 have shown that the use of bisphospho-
nates among fracture survivors is low. Meanwhile, Sjöberg and
colleagues40 describe a very high rate of use of drugs associ-
ated with falls both before and after fracture among 100 con-
secutive patients at a single institution in Sweden. This sug-
gests that prescription drugs associated with increased fracture
risk could represent a critical risk factor for secondary preven-
tion. To our knowledge, the extent to which opportunities ex-
ist to decrease exposure to fracture-promoting drugs among
older Americans has not previously been studied. We there-
fore designed this study to explore the use of drugs associ-
ated with fracture risk before and after a fracture of the hip,
wrist, or shoulder to determine (1) the prevalence of prescrip-
tion drug use as a potentially modifiable risk factor for sec-
ondary fracture prevention among a large cohort of fracture
survivors in the United States and (2) whether an index frac-
ture event modifies the prescribing behavior of physicians with
respect to drugs that either increase or decrease fracture risk.

Methods
Study Cohort
The study was approved by the Committee for the Protection
of Human Subjects at Dartmouth College, waiving written in-
formed consent. The study cohort consisted of US Medicare
beneficiaries who sustained a fracture of the hip (proximal fe-
mur), shoulder (proximal humerus), or wrist (distal radius) from
2007 through 2011. Fractures were identified using Interna-
tional Classification of Diseases, Ninth Revision codes and had
to be accompanied by an appropriate surgical procedure code
(Current Procedural Terminology code) in the case of hip frac-
ture, or a code for a radiology examination within 7 days of the
diagnosis of an shoulder or wrist fracture and indication of im-
mobilization or fixation. Complete details of cohort selection
and the database used for this study have been previously
published.41 To be included in the cohort, beneficiaries had to

be enrolled in Medicare Parts A and B for at least 12 months
and in Part D for 4 months prior to the index fracture and for
the duration of follow-up. Beneficiaries were also required to
be community dwelling at the time of the fracture and for at
least 30 days within the 4 months following the fracture. This
requirement was implemented to ensure that retail phar-
macy fills would be captured in the database and to focus at-
tention on patients cared for outside of the nursing home set-
ting. Patients who were enrolled in hospice, who were
discharged to a nursing home or rehabilitation facility with-
out returning to the community after fracture, and who did not
fill at least 1 prescription for a drug of any kind during the
observation period were excluded.

Study Period
The date of the first Medicare claim indicating a fracture was
used as the index date. To ensure the index date represented
a new fracture, we examined the prior 12 months of claims
for codes identifying a previous fracture at the same site.
A 120-day lookback window from the index date was used to
define prescription drug use prior to the fracture. To deter-
mine prescription drug use after the index fracture, we ana-
lyzed patient records from the index date forward 120 days.
This allowed us to capture any outpatient prescription fills
after the index fracture, including those with a 3-month sup-
ply filled just prior to the fracture.

Prescription Drug Use
We identified 21 drug classes that have been associated in the
literature with increased fracture risk. These drugs were ex-
amined as a single group and then subdivided into those drugs
thought to increase fracture risk by increasing risk of falls, those
that decrease bone density, and those with unclear fracture risk
mechanism (Table 1). We also analyzed opiate drugs sepa-
rately to avoid inflating our postfracture drug use measures by
including potentially appropriate pain control following a frac-
ture event. We excluded opiate fills in the 7 days prior to a frac-
ture to avoid misclassifying exposure for those patients treated
for pain associated with the fracture event before the frac-
ture was diagnosed. We used retail pharmacy claims from the
Part D Prescription Drug Event file to identify prescriptions
filled by patients in the community setting. Beneficiaries
were considered exposed prior to fracture if they had at least
1 fill for a drug on the list of fracture-associated drugs in the

Key Points
Question Does a fragility fracture lead to a change in the use of
prescription drugs that increase the risk of fracture?

Findings In this cohort study of 168 133 Medicare beneficiaries
who survived a fragility fracture, three-quarters of patients were
using at least 1 drug that increases the risk of fracture at the time of
the fracture. This proportion did not change following the fracture
event.

Meaning There is a missed opportunity to reduce the risk of a
second fragility fracture through modification of exposure to
prescription drugs.
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120 days prior to the fracture event. Similarly, patients were
considered exposed after the index fracture if they had at least
1 prescription fill for a drug of interest in the 120 days follow-
ing the index date. Prefracture use of intravenous bisphos-
phonates was assessed using Part B records. Because intrave-
nous bisphosphonate use was uncommon (observed in 2.2%
of the cohort prior to fracture) and because prefracture use au-
tomatically determined postfracture use by virtue of annual
dosing in most cases, we reported only oral bisphosphonate
use in our analyses.

We then identified a subset of drugs that we hypoth-
esized would be most likely to be discontinued after a frac-
ture event based on the quality of existing evidence. To se-
lect drugs associated with fall risk, we used the meta-
analysis of Woolcott et al,42 who analyzed data available at the
time of our study cohort. This study identified sedative/
hypnotic medications, antipsychotics, and antidepressants as
the drugs with the strongest association with fracture. To this
list of 3 drug classes, we also added drug classes with either
numerous studies linking them to fracture risk (oral ste-
roids), or at least 1 high-quality and widely publicized study
establishing a link to fracture risk (proton pump inhibitors and
thiazolidinediones).

Statistical Analysis
The primary outcome was the proportion of fracture survi-
vors who were exposed to any potentially fracture-
promoting drug (excluding opiates) in the 120 days following
an index fracture event. This was then compared with the
proportion exposed prior to the fracture event using the
McNemar test, which effectively compares the frequency of
those who stop previous use of a drug after the index frac-
ture to those who start a drug not previously used prior to
the index fracture. Similar comparisons were made for each
subgroup of fracture-promoting drugs. The proportions of
patients using oral bisphosphonates and other drugs associ-
ated with increased bone density were also compared. To
determine how often the fracture event modified physician
prescribing behavior, we calculated the proportion of
patients who had filled a drug of interest prior to fracture but
who did not fill it after the fracture (users who became non-
users), and the proportion of patients who were nonusers
prior to the fracture event who then filled a prescription for a
drug of interest after the fracture event (new starters). These
analyses were also repeated for drugs that increase bone
density. Finally, to ensure that our dichotomous outcome
did not misclassify a reduction in the total burden of drug
exposure, we used t tests to compare the mean number of
fracture-promoting drugs used prior to fracture with the
number used after fracture.

Three sensitivity analyses were then performed. First,
we repeated the primary analysis for each drug class
included in our subset of drugs most strongly supported by
existing literature. A second sensitivity analysis was then
performed, excluding patients who were discharged to any
acute rehabilitation facility (skilled nursing facility, inpatient
rehabilitation facility, or swing bed) prior to returning to the
community. The intent was to evaluate the potential effect

of missing data because medication prescriptions are not
captured in Medicare Part D data during these stays. A third
sensitivity analysis was performed that quantified the use of
drugs that increase bone density stratified on whether
patients used drugs that increase the risk of fracture. This
analysis was designed to explore whether physicians consis-
tently attempt to attenuate the risk of fracture when patients
are prescribed drugs that increase fracture risk.

Results
A total of 168 133 patients with a fragility fracture met the
inclusion and exclusion criteria for this study. The demo-
graphics, comorbidities, fracture type, and discharge desti-
nation after fracture are summarized in Table 2. Across all
fracture types, the mean (SD) age was 80.0 (7.7) years; 84.2%
were women; and 91.8% were white. At the time of the index
fracture, 53.2% of the cohort was hospitalized, although this
varied substantially depending on fracture type (100% of hip
fractures, 8.2% of wrist fractures, and 15.0% of shoulder
fractures). The frequency of discharge to an institution for
rehabilitation following hospitalization also varied by frac-
ture type, but the mean (SD) duration of acute rehabilitation
did not: 28.1 (19.8) days.

Table 1. Drugs Associated With Increased Risk of Fracture
by Proposed Mechanism

Proposed Mechanism
of Increased Fracture Risk

Cohort Use
Prior to Fracture, %

Increased Risk of Falls

Benzodiazepines 2.8

Barbiturates 1.2

Sedative-hypnotics (nonbenzodiazepine)a 10.8

Opiates 35.5

Selective serotonin reuptake inhibitorsa 26.4

Tricyclic antidepressants 4.8

Anti–Parkinson disease drugs 5.6

Centrally acting antihypertensives 3.9

Nitrates 8.6

Nonnitrate anti-anginal agents 1.4

Thiazide diuretics 23.4

Thiazide-like diuretics 2.9

Decreased Bone Density

Inhaled glucocorticoids 7.0

Oral glucocorticoidsa 9.8

Proton pump inhibitorsa 25.6

H2 receptor antagonists 5.6

Thiazolidinedionesa 5.7

Anticonvulsants 9.3

Unclear Primary Mechanism

Atypical antipsychoticsa 5.2

Early-generation antipsychotics 1.8

Loop diuretics 21.0

a Subset of drugs with a risk of fracture most strongly supported by existing
literature.
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Use of Fracture-Promoting Drugs Prior to Fracture
More than three-quarters (76%) of fragility fracture patients
were exposed to at least 1 nonopiate drug associated with an
increased risk of fracture in the 120 days prior to their index
event (Table 3). This finding was consistent across all frac-
ture types (77.1% for hip, 74.1% for wrist, and 75.9% for
shoulder). More than half (55.7%) of patients were taking at
least 1 drug that increases fall risk prior to the index fracture,
while slightly less than half (42.2%) were taking at least 1
drug that decreases bone density. Again, we observed very
little variation in these values across fracture types.

Use of Fracture-Promoting Drugs After Fracture
In the 120 days following a fragility fracture, we observed
very similar numbers of patients who were exposed to at
least 1 nonopiate drug associated with increased fracture
risk (80.5% for hip, 74.3% for wrist, and 76.9% of shoulder).
This represents a total change in the absolute proportion
exposed by fracture type of +3.4%, +0.2%, and +1.0% for
hip, wrist, and shoulder, respectively. As Table 3 details,
there were similarly small changes in the proportion
exposed to drugs that increase fall risk and drugs that
decrease bone density across all fracture types. Our sensitiv-
ity analysis limited to only those patients who returned

directly to the community after the index fracture revealed
very similar results (eTable 2 in the Supplement).

When we further examined prefracture and postfracture
drug use, we observed a group of patients who stopped tak-
ing fracture-promoting drugs after fracture; however, this
group was offset by other patients who initiated therapy
with a high-risk drug after fracture (Figure). This pattern was
also observed in our analysis of those drugs most clearly
associated with fracture risk in the literature (Table 4). While
almost one-quarter of users of sedatives, antipsychotics, and
thiazolidinediones and almost half of oral corticosteroid
users discontinued use after fracture, a similar or greater
number of nonusers initiated treatment with these drugs
after the fracture. The end result was that use of corticoste-
roids and thiazolidinediones decreased only slightly in the
population as a whole, while use of the other 4 drug types
increased after fracture.

We also found that the total number of drugs per person
associated with fracture risk did not change meaningfully af-
ter the fracture event (Table 3). Most patients continued to fill
the same number of prescriptions for high-risk, nonopiate
drugs after their index fracture (eTable 1 in the Supplement).
At the same time, more patients increased than decreased the
number of fracture-promoting drug fills, suggesting that the

Table 2. Baseline Characteristics of Medicare Beneficiaries Who Sustained a Fragility Fracture
and Returned to the Community Within 120 Days of the Index Fragility Fracturea

Characteristic Total

Location of Fracture

Hip Wrist Shoulder
Total 168 133 (100) 80 508 (47.9) 60 930 (36.2) 26 695 (15.9)

Age at fracture, mean (SD), y 80.0 (7.7) 81.9 (7.5) 78.2 (7.5) 78.5 (7.5)

Age at fracture, y

65-69 18 079 (10.8) 5198 (6.5) 9183 (15.1) 3698 (13.9)

70-74 27 805 (16.5) 9700 (12.0) 12 606 (20.7) 5499 (20.6)

75-79 32 621 (19.4) 14 337 (17.8) 12 777 (21.0) 5507 (20.6)

80-84 38 310 (22.8) 19 666 (24.4) 12 824 (21.0) 5820 (21.8)

≥85 51 318 (30.5) 31 607 (39.3) 13 540 (22.2) 6171 (23.1)

Female sex 141 569 (84.2) 64 672 (80.3) 54 056 (88.7) 22 841 (85.6)

Race

Black 5015 (3.0) 2574 (3.2) 1764 (2.9) 677 (2.5)

Hispanic 8805 (5.2) 3685 (4.6) 3860 (6.3) 1260 (4.7)

White and other 154 313 (91.8) 74 249 (92.2) 55 306 (90.8) 24 758 (92.7)

Low-income subsidy recipient 52 494 (31.2) 25 687 (31.9) 18 738 (30.8) 8069 (30.2)

Count of Charlson comorbidities

0 63 346 (37.7) 22 361 (27.8) 30 060 (49.3) 10 925 (40.9)

1 31 737 (18.9) 17 598 (21.9) 9760 (16.0) 4379 (16.4)

2 35 228 (21.0) 17 292 (21.5) 11 992 (19.7) 5944 (22.3)

3 19 126 (11.4) 11 171 (13.9) 5116 (8.4) 2839 (10.6)

≥4 18 696 (11.1) 12 086 (15.0) 4002 (6.6) 2608 (9.8)

Total prescription drugs active
at index fracture, mean (SD)

7.0 (4.2) 7.0 (4.1) 6.8 (4.3) 7.3 (4.3)

Hospitalized at index fracture 89 491 (53.2) 80 508 (100.0) 4983 (8.2) 4000 (15.0)

Discharge to inpatient
rehabilitationb

57 081 (63.8) 53 976 (67.0) 1570 (31.5) 1535 (38.4)

Days spent in inpatient
rehabilitation after discharge,
mean (SD)

28.1 (19.8) 28.0 (19.7) 29.5 (21.0) 29.5 (21.0)

a Unless otherwise noted, data are
reported as number (percentage) of
participants.

b Skilled nursing facility, inpatient
rehabilitation facility, or swing bed
facility.

Research Original Investigation Use of Drugs That Increase Fracture Risk Before and After Fragility Fracture

1534 JAMA Internal Medicine October 2016 Volume 176, Number 10 (Reprinted) jamainternalmedicine.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2016.4814&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.4814
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2016.4814&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.4814
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.4814


Copyright 2016 American Medical Association. All rights reserved.

binary classification we used to define our primary outcome
did not mask a significant decline in the overall burden of po-
tentially harmful prescribing.

Use of Drugs That Decrease Fracture Risk
The use of drugs that may reduce fracture risk was uncom-
mon at the time of the index fracture (Table 3). Across frac-
ture types, less than one-quarter of patients in the study

cohort had filled a prescription for a drug that increases
bone density in the 120 days prior to the fracture event. Fol-
lowing the fracture, the total numbers increased only
slightly (Table 3 and Figure). Further analysis yielded a simi-
lar pattern to that seen with drugs that increase fracture risk:
approximately 1 in 5 current users discontinued therapy
after fracture, while a nearly identical number of nonusers at
the time of fracture initiated treatment. Finally, when we

Table 3. Use Before and After a Fragility Fracture of Drugs That Affect Fracture Risk

Fracture Location and Drug Type

Users Before Fracture Users After Fracture

No. (%)
Drugs Used,
Median No. No. (%)

Drugs Used,
Median No.

Hip (n = 80 508)

Any drug that increases fracture risk 64 923 (80.6) 2 71 904 (89.3)a 2

Nonopiate drugs that increase fracture risk 62 098 (77.1) 1 64 779 (80.5)a 2

Nonopiate drugs that increase fall risk 44 930 (55.8) 1 45 837 (56.9)a 1

Drugs that decrease bone density 34 087 (42.3) 0 39 073 (48.5)a 0

Other fracture-promoting drugs 20 436 (25.4) 0 24 202 (30.1)a 0

Opiates 21 137 (26.3) 0 44 371 (55.1)a 1

Drugs that increase bone density 15 444 (19.2) 0 17 163 (21.3)a 0

Wrist (n = 60 930)

Any drug that increases fracture risk 49 817 (81.8) 2 51 810 (85.0)a 2

Nonopiate drugs that increase fracture risk 45 175 (74.1) 1 45 262 (74.3) 1

Nonopiate drugs that increase fall risk 33 859 (55.6) 1 33 840 (55.5) 1

Drugs that decrease bone density 25 393 (41.7) 0 25 512 (41.9) 0

Other fracture-promoting drugs 12 302 (20.2) 0 12 771 (21.0)a 0

Opiates 23 332 (38.3) 0 31 002 (50.9)a 1

Drugs that increase bone density 13 689 (22.5) 0 14 466 (23.7)a 0

Shoulder (n = 26 695)

Any drug that increases fracture risk 23 110 (86.6) 2 23 862 (89.4)a 2

Nonopiate drugs that increase fracture risk 20 253 (75.9) 1 20 521 (76.9)a 2

Nonopiate drugs that increase fall risk 14 816 (55.5) 1 14 991 (56.2) 1

Drugs that decrease bone density 11 520 (43.2) 0 11 694 (43.8) 0

Other fracture-promoting drugs 6117 (22.9) 0 6774 (25.4)a 0

Opiates 13 821 (51.8) 1 16 740 (62.7)a 1

Drugs that increase bone density 4778 (17.9) 0 5007 (18.8)a 0
a P<.001 for use after fracture vs use

before fracture.

Figure. Use of Drugs That Affect Fracture Risk Before and After Fracture
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examined whether drugs that decrease fracture risk might
be targeted to patients taking drugs that increase fracture
risk, we found a small effect. The use of drugs to decrease
fracture risk was only slightly higher (22.7% vs 21.1%;
P < .001) among users of fracture-promoting drugs than
among those who were not using high-risk drugs (eFigure in
the Supplement).

Discussion
This study has 3 primary findings. First, most Medicare ben-
eficiaries who experience a fragility fracture are users of at
least 1 drug that has been shown to increase fracture risk.
This suggests that prescription drugs may be an important
modifiable risk factor for primary fracture prevention. Sec-
ond, a fragility fracture does not consistently serve as a sen-
tinel event to decrease the total burden of exposure to drugs
associated with increased fracture risk. An almost identical
number of patients are exposed to drugs that are associated
with increased fracture risk in the 4 months following a frac-
ture as in the period preceding the index event. Third, a frac-
ture event does result in modified exposure for a minority of
patients, but in both directions: some patients no longer fill
fracture-associated drug prescriptions after their fracture,
while an almost equal number initiate exposure. This pat-
tern was observed even among the subset of drugs most
widely and convincingly recognized to cause fractures. The
fact that some patients in our study cohort had decreased
exposure to fracture-associated drugs following a fracture
supports the feasibility of more effective medication review
at the time of a fracture event.

The very high prevalence of fracture-associated drug use
in this cohort (76%) is consistent with the findings of Sjöberg
et al,40 who found that nearly all of 100 elderly patients with
fracture in a single institution cohort in Sweden were using a
drug that could increase fall risk at the time of the fracture
event. Although these authors used a broader definition of
drugs that could increase fall risk, our findings are also con-
sistent with their report that the same proportion was using
fall-promoting drugs in the 6 months following fracture. In ad-
dition, our study confirms prior work demonstrating that the
use of bisphosphonates and other fracture-prevention drugs
is uncommon at the time of fracture and does not increase dur-
ing follow-up. In fact, many patients who were taking drugs
to increase bone density discontinued treatment with these

medications after the fracture, a finding that may indicate that
physicians consider a fragility fracture evidence that the drugs
are ineffective.

The fact that these treatment patterns are apparent in this
large, US cohort suggests that prescription drug use may be an
effective target for secondary fracture prevention. Three ca-
veats to this conclusion must be acknowledged. First, many
of these drugs have important indications that may preclude
discontinuation in response to a fracture event. Other drugs,
however, are less clearly indicated, and emerging evidence sug-
gests that there are many missed opportunities for reduction
of prescription drug therapy among elderly patients in whom
the risks of therapy likely outweigh the benefits.43 Patients in
whom a fracture may be in part the result of drug exposure
should at least be considered for such reduction of therapy. So
while it is not realistic to eliminate exposure to drugs that in-
crease fracture risk in all cases, reductions in that risk through
evaluation of medication use and selective discontinuation
after fracture appear achievable.

A second caveat is that the magnitude of the risk associ-
ated with many prescription drugs remains uncertain
among fracture survivors. Observational data have demon-
strated the link between exposure and primary fracture
risk,14-32 but the precision of these estimates is often poor,
and most studies have not been conducted to address the
question of secondary prevention. Published studies also do
not address the complexities of drug combinations that may
have additive or synergistic effects on fracture risk. This
leaves unanswered questions concerning the magnitude of
benefit that could be achieved through concerted efforts to
modify exposure to fracture-associated drugs after a fragil-
ity fracture.

Third, the mechanism to improve prescribing practices
after fracture is not clearly developed. Patients go through a
process of medication reconciliation at hospital admission,
which should include a review of all potentially hazardous
drugs; however, our data indicate that this process does not
reduce high-risk drug use even among patients with hip frac-
ture, all of whom were hospitalized. This may reflect a reluc-
tance to modify chronic drug regimens on the part of physi-
cians who manage an acute event but are not involved in the
long-term management of multiple comorbid conditions. It
may also reflect a knowledge gap among physicians with
respect to known associations between prescription drugs
and fracture risk. Automated decision support in the elec-
tronic medical record focused on fracture risk could be

Table 4. Use of Select Drugs Associated With Fracture Risk Before and After a Fragility Fracture

Druga

Users Prior
to Fracture,
No.

Users Who
Stopped After
Fracture, No. (%)

Nonusers Who
Started After
Fracture, No. (%)

Users After
Fracture,
No.

Oral steroids 16559 7221 (43.6) 6589 (4.3) 15 927

Proton pump inhibitors 43 114 3724 (8.6) 13 181 (10.5) 52 571

Thiazolidinediones 9632 2366 (24.6) 1168 (0.7) 8434

Hypnotics 18 107 3786 (20.9) 8672 (5.8) 22 993

SSRI 44 349 2640 (6.0) 7268 (5.9) 48 977

Antipsychotics 9678 2110 (21.8) 3767 (2.4) 11 335

Abbreviation: SSRI, selective
serotonin reuptake inhibitor.
a Drugs selected as having the

highest-quality evidence supporting
a risk of fracture (see Methods
section for further details).
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developed to address the second concern,44,45 but this will
not change the need for effective communication between
hospitalist physicians, orthopedic surgeons, and community
primary care physicians regarding the risk-benefit tradeoffs
of long-term medications.

Strengths of our study include the sample size and geo-
graphic representation of the study cohort as well as the com-
prehensive drug exposure information afforded by Part D data.
Our study also has important limitations. The data include only
Part D enrollees, who tend to have more comorbid conditions
and higher overall prescription drug utilization rates than
nonenrollees.46 Our results may not therefore be generaliz-
able to other populations. We used a 4-month lookback pe-
riod to focus on prescription drugs that were likely to be cur-
rently in use at the time of the fracture event and could
therefore be modified by the fracture event. This lookback win-
dow does not capture prescription drug use prior to that time,
which may misclassify exposure to drugs that affect bone den-
sity long after use is discontinued. If anything, however, this
decision will cause our results to underestimate exposure prior
to fracture. After fracture, retail pharmacy claims captured in
Part D data do not include drugs dispensed in a skilled nurs-
ing facility after discharge. Our decision to require cohort mem-

bers to have at least 30 days of community dwelling time af-
ter fracture mitigates these missing data, and our sensitivity
analyses demonstrate that patterns of use were nearly iden-
tical among those discharged directly home. In addition, most
benzodiazepine use was excluded from Part D coverage until
after the last year of the study cohort. Consequently, our data
underrepresent this drug class. Finally, our data only extend
to 2011, leaving open the possibility that current prescribing
practices are not accurately reflected in our analysis.

Conclusions
The use of drugs that can contribute to elevated fracture risk
is common among Medicare beneficiaries who experience a
fragility fracture, and the fracture event does not consis-
tently lead to a reduction in use of these drugs. This suggests
that at least some secondary fragility fractures may be pre-
ventable through a more concerted effort to manage high-
risk drugs around a primary fracture event. Additional re-
search is needed to quantify the possible benefits associated
with modifying postfracture drug exposure in this high-risk
population.
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