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Abstract
Summary Drugs that increase the risk of fracture are commonly prescribed to survivors of a fragility fracture. This study shows
that starting new high-risk medications after fracture increases the risk of a second, potentially preventable fracture. For most drug
classes, however, it is safe to continue medications taken before the fracture.
Introduction Most patients who survive a fragility fracture are subsequently exposed to prescription drugs that have been linked
to increased fracture risk. This study was designed to quantify the extent to which current prescribing practices result in
potentially preventable second fractures.
Methods We analyzed a cohort of 138,526 Medicare beneficiaries who returned to the community after a fragility fracture. Post-
fracture drug use was defined using retail pharmacy fills. The risk of second fracture associated with individual drug classes was
analyzed using Cox proportional hazard models. Data were further analyzed to determine whether there is a difference in risk
between continuing previous therapy and initiating new therapy after fracture.
Results Many drug classes previously identified as increasing fracture risk were not associated with increased fracture risk in this
cohort. Discontinuing therapy at the time of fracture was only beneficial for patients taking selective serotonin reuptake inhib-
itors; however, initiating therapy in previous non-users increased second fracture risk for five classes of drugs (selective serotonin
reuptake inhibitors, tricyclic antidepressants, antipsychotics, proton pump inhibitors, and non-benzodiazepine hypnotics).
Conclusion Discontinuing high-risk drugs after fracture was not generally protective against subsequent fractures. Preventing the
addition of new medications may result in greater improvements in post-fracture care.
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Introduction

Fragility fractures among elderly Americans are common
and associated with significant morbidity, mortality, and
health care costs [1, 2]. Among survivors, fragility frac-
tures are also associated with an increased risk of subse-
quent fractures. In one prior study, 4.3% of Medicare

beneficiaries who survived a first fragility fracture went
on to have a second fracture in the subsequent 12 months
[3]. The burden of fragility fractures is also expected to
grow with our aging population [1, 4, 5]. Effective second-
ary prevention of fragility fractures could therefore have
important public health implications and a significant im-
pact on health care costs.
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Prescription drugs may represent a modifiable risk factor
for effective secondary prevention of fragility fractures.
Numerous studies have linked commonly prescribed drugs
to an increased risk of fracture, either through increased falls
or decreased bone mineral density (see Table 1 for a complete
list of the drugs evaluated in this study) [6–28]. A previous
report has shown that use of these medications among patients
who experience a fragility fracture is common at the time of
initial fracture; furthermore, use remains very common after
fracture [29]. This observation raises the possibility that ef-
forts to alter prescribing practices in the post-fracture period
could positively impact the rate of second fragility fracture.
Such efforts are complicated by the large number of drugs to
consider and because the decision to continue or discontinue
an existing therapy is clinically different than the decision to
initiate new therapy in a previous non-user. Existing data are
inadequate to identify which drugs are the most important to
target and whether it is more important to discontinue therapy
or avoid initiating a new drug.

This study was designed as a follow up to our prior work
to provide practicing clinicians objective data with which
to make prescribing decisions for individual drugs in pa-
tients who have experienced a fragility fracture. There were
two primary objectives of this study: first, define the mag-
nitude of second fracture risk for individual drug classes,
and second, determine whether the risk associated with

medication use is different among established users and
new users. We hypothesized that the risk of second fragility
fracture would vary among drug classes and that a small
group of Bhighest-risk^ drugs could be identified for
targeted intervention. We further hypothesized that
discontinuing these drugs would reduce the subsequent risk
of fracture, while initiating these drugs after fracture would
increase the risk of a second event.

Methods

Study cohort

The study cohort was derived from a random 40% sample of
patients over age 65 enrolled inMedicare parts A (covering in-
patient services) and B (covering out-patient and home health
services) and eligible for part D (prescription drug benefit).
From this sample, we identified US Medicare beneficiaries
who sustained a fracture of the proximal femur, humerus, or
distal radius between the years of 2007–2011. We excluded
patients with multiple sites of fracture at initial presentation or
a billing code separately indicating that the fracture was due to
trauma, and patients with a diagnosis other than osteoporosis
associated with excessive bone fragility (such as malignancy)
that might contribute to a risk of pathological fracture.

Table 1 Frequency of high-riska

drug exposure 1 year post- vs.
4 months previous to fracture

Used medications before fracture Did not use medications before
fracture

Drug type Continued
post-fracture

Discontinued
post-fracture

Initiated post-
fracture

Never used

N % N % N % N %

Anticonvulsants 9285 85.6 1564 14.4 6152 4.8 121,525 95.1

Antiparkinson 5715 91.4 538 8.6 2433 1.8 129,840 98.5

H2Antagonists 4651 78.5 1271 21.5 5398 4.1 127,206 95.9

Hypnotics 10,458 78.9 2800 21.1 11,964 9.6 113,304 90.5

Inhaled steroids 6588 84.0 1252 16.0 4871 3.7 125,815 96.3

Loop diuretics 24,333 89.4 2876 10.6 14,565 13.1 96,752 86.9

Nitrate antianginal agents 8634 82.1 1882 17.9 6250 4.9 121,760 95.1

Opiates 30,759 86.8 4684 13.2 62,171 60.3 40,912 39.7

Oral steroids 7308 61.3 4642 38.9 14,397 11.4 112,179 88.6

Proton pump inhibitors 30,097 90.4 3194 9.6 18,402 17.5 86,833 82.5

Second generation atypical
anti-psychotics (SGAP)

4759 87.5 678 12.5 5019 3.8 128,070 96.2

Selective serotonin reuptake
inhibitors (SSRI)

32,299 93.7 2219 6.4 11,247 10.8 92,761 89.2

Tricyclic antidepressants 4189 81.5 949 18.45 1984 1.5 131,404 98.5

Thiazide diuretics/thiazide-like di-
uretics

27,294 83.9 5241 16.1 9202 8.7 96,789 91.3

Thiazolidinedione 5484 84.8 981 15.2 1075 0.8 130,986 99.2

a Drugs shown in prior literature to increase the risk of incident fracture in older adults
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Complete details of cohort selection and the database used for
this study have been previously published [3, 29]. Fractures
were identified using a combination of ICD-9 codes, codes for
an appropriate radiology examination, and codes indicating
treatment (surgical procedure, immobilization, or fixation.).
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. In order to
ensure capture of retail pharmacy claims, beneficiaries were
also required to be community-dwelling at the time of fracture
and for at least 30 days within the 12 months following frac-
ture. Patients who were enrolled in hospice, who were
discharged to a nursing home or rehabilitation facility without
returning to the community after fracture, or who did not fill at
least one prescription drug of any kind during the observation
period were excluded.

Observation window for study cohort

The date a fracture was first coded in Medicare claims was
used as the index date after confirming that no prior fracture at
the same site had been coded in the previous 12 months. A
120-day look-back window from the index date was used to
define prescription drug use prior to the fracture. Prescription
drug use and subsequent fractures were recorded for
12 months following the index date. Follow-up time was cen-
sored at death.

Prescription drug use

The primary exposure in this study was use of high-risk
prescription drugs in the 1 year after fracture. We used
retail pharmacy fill claims from the part D prescription
drug event file to define exposure to 14 drug classes that
have been associated with increased fracture risk in the
existing literature, listed in Table 1. We were unable to
include benzodiazepines because they were not uniformly
covered by part D at the time of the study. For each drug
class identified, post-fracture use was treated as a time-
varying variable and patients were considered exposed
for the duration of a prescription as defined by the date
of fill and days’ supply dispensed. Pre-fracture use was
defined as any prescription fill in the 120 days prior to
fracture. Opiates were not included as a primary drug ex-
posure of interest because these drugs are uniquely indicat-
ed by the fracture event; however, because of their previ-
ously documented association with fracture risk, the use of
opiates was included as a confounding variable. Similarly,
because of the previously documented protective effect of
bisphosphonates, use of these drugs prior to fracture was
included as a confounding variable.

Second fracture

The primary outcome variable was a second fragility fracture
in the 12 months following the index fracture. The same def-
inition and diagnostic criteria were used to identify both the
index and subsequent fractures. We excluded second fractures
associated with a diagnostic or procedure code that suggested
these claims were related to a complication or revision of the
initial fracture. For fractures at the same site (i.e., two claims
for a humerus fracture), we required at least 90 consecutive
days without a fracture claim between the two events. This
requirement was implemented to avoid counting a follow-up
visit for the index fracture as a second fracture. Complete
details of the procedure used to identify second fractures have
been published elsewhere [3].

Statistical analysis

The primary comparisons for analysis are based on the clinical
options available to prescribing providers at the time of an
index fracture. As outlined in Fig. 1, the relevant decisions
are determined by the exposure status of the patient to a drug
at the time of fracture. For patients who are not on a specific
drug or drug class at the time of fracture, the only option to
consider is whether or not to initiate therapy after fracture.
Similarly, for patients already taking a drug at the time of
fracture, the only decision is whether or not to discontinue
therapy. The two clinically meaningful comparisons are there-
fore (1) patients who start therapy compared to those who are
never users and (2) those who stop therapy after fracture com-
pared to those who continue treatment.

To analyze the effect of post-fracture drug use on second
fragility fractures, we used Cox proportional hazards models
with drug exposure treated as a time-varying exposure vari-
able. These models were adjusted for age, gender, race, bis-
phosphonate use prior to fracture, number of prescription
drugs of any kind used at the time of fracture, and use of
opiates after fracture. To control for comorbid illnesses that
impact long-term survival and might affect fracture risk, we
also controlled for the number of conditions included in the
Charlson comorbidity index present in each individual. [30]
Tomake the clinically relevant comparisons outlined in Fig. 1,
we used an interaction termwith pre-fracture drug exposure in
these models to generate estimates of the effect of
discontinuing (vs. continuing) therapy and of initiating (vs
not initiating) therapy. After running each drug class in sepa-
rate models, we identified the drugs with statistically signifi-
cant effects on second fracture rates. To assess the effect of
each drug class independent of other drugs that might be pre-
scribed simultaneously, we re-ran our primary models on
these drugs with the other statistically significant drugs includ-
ed as potential confounders.
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Secondary analyses

Many of the drugs included in the list of high-risk medications
may be more likely to be prescribed during a hospitalization,
which in turn may reflect a greater degree of overall frailty. To
assess the possibility that high-risk drugs are prescribed selec-
tively to high-risk patients via an index hospitalization, we per-
formed a secondary sub-analysis limited to patients who
sustained a hip fracture because all of these patients were hos-
pitalized at the time of fracture. Also, bisphosphonate use prior
to fracture could modify the risk associated with high-risk med-
ication use after fracture. To explore this possibility, we per-
formed a second sensitivity analysis limited to patients who
were non-users of bisphosphonates at the time of fracture.

Results

Demographics and post-fracture drug use

We identified 138,526 Medicare beneficiaries who experienced
a fragility fracture between 2007 and 2011 andmet all inclusion
and exclusion criteria [3, 29]. Among this group, 7174 (5.2%)
experienced a subsequent fracture in the 12 months following

their index event. Table 2 shows the baseline characteristics of
the total cohort. More than half of fragility fracture survivors
were 80 years of age or older, and two thirds of them had at least
one Charlson comorbidity. As observed in prior work [29],
nearly 80% of patients were taking at least one high-risk med-
ication at the time of their fragility fracture.

Use of prescription drugs previously associated with fracture
was common in the 12 months following fracture. Examining
all high-risk drugs together, 27% of users prior to fracture
stopped at least one high-risk medication after the fracture
event, while 16% of all fracture survivors filled at least one
prescription for a new high-risk medication after fracture.
Aside from opiates, the most common drugs prescribed in the
post-fracture period were proton pump inhibitors, selective se-
rotonin reuptake inhibitors, and diuretic medications, each of
which was prescribed to more than 25% of the cohort.

Association of prescription drugs with second fracture

There was no consistent benefit to stopping high-risk medica-
tions among patients who were already using these medications
at the time of fracture. In fact, as shown in Table 3, we observed
a reduction in the risk of second fracture associated with dis-
continuation after fracture for only one drug class (SSRI’s,

Benefit of stopping pre-existing therapy

Exposed to fracture-promoting 

drug in the year after fracture?

Exposed to fracture-promoting 

drug in the 4 months prior to 

Yes No

Exposed to fracture-promoting 

drug in the year after fracture?

Yes 

(starter)

Yes
(continuous user)

No
(stopper)

No
(never user)

Second fracture? Second fracture?Second fracture? Second fracture?

YesYesYesYes NoNoNo No

Risk of initiating therapy among 

treatment naïve patients

Fragility fracture survivorFig. 1 Conceptual model to
define the clinically relevant
comparisons for post-fracture
drug exposure and second frac-
ture risk
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adjusted HR 0.88, 95% CI 0.81–0.96). This drug class also had
the lowest rate of discontinuation (6%) among all drug classes
examined (Table 3). Stopping oral corticosteroids (the drug
class most likely to be discontinued) was associated with a
similar reduction in risk as discontinuing SSRIs (adjusted HR
0.87) but failed to achieve statistical significance (95%CI 0.73–
1.03) despite being used by nearly 9% of the population prior to
fracture. At the same time, discontinuation of diuretics (loop
diuretics [adjusted HR 1.19, 95% CI 1.08–1.31] and thiazide
diuretics [adjusted HR 1.21, 95% CI 1.09–1.35]) was associat-
ed with an increased risk of subsequent fractures even after
adjusting for other medications used and general markers of

comorbidity. These results were robust in analyses limited to
hip fractures and in analyses that included multiple drug cate-
gories in the same models.

Initiating high-risk medications was more consistently asso-
ciatedwith an increased risk of second fracture. Among patients
who were treatment naïve at the time of initial fracture, we
found that five drug classes were associated with an increased
risk of second fracture when prescribed in the 12 months after
the index event (see Table 3 for complete results). These classes
were sedative/hypnotic medications (HR 1.27, CI 1.08–1.48),
proton pump inhibitors (HR 1.20, CI 1.08–1.33), second-
generation anti-psychotics (HR 1.70, CI 1.43–2.02), selective

Table 2 Characteristics of
fragility fracture survivors in a
Medicare population (2007–
2011)

N (mean) % (STD)

Type of fracture

Hip (%) 66,379 47.9

Humerus (%) 21,927 15.8

Distal radius (%) 50,220 36.3

Age at time of fracture 80.07 7.6

65–69 14,414 10.4

70–74 22,744 16.4

75–79 27,207 19.6

80–84 31,951 23.1

85+ 42,210 30.5

Sex female 116,923 84.4

Race

Black 3959 2.9

Hispanic 7086 5.1

Other 127,481 92.0

Low-income subsidy 42,796 30.9

No. of comorbidities (per Charlson)

0 46,111 33.3

1 39,556 28.6

2 25,942 18.7

3 14,524 10.5

4+ 12,393 9.0

Hospitalized 73,872 53.3

Number of drugs prior to fracture*

0–2 17,354 12.5

3–5 40,532 29.3

6–9 47,895 34.6

10–12 32,745 23.6

Discharged to rehab/SNF/SWN post-fracture 47,054 34.0

Received bisphosphonate 25,033 18.1

Received opiates within 120 days prior to fracture 35,443 25.6

Started at least one high-risk druga 22,180 16.0

Used at least one high-risk druga before fracture 109,345 78.9

Stopped at least one high-risk druga after fracture 29,017 21.0

a Drugs shown in prior literature to increase the risk of incident fracture in older patients

*Number of unique prescription drugs of any kind filled in the 120 days prior to fracture
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serotonin reuptake inhibitors (HR 1.84, CI 1.64–2.06), and tri-
cyclic antidepressants (HR 1.64, CI 1.20–2.23). Sedative/hyp-
notics, PPIs, and SSRIs were also among the most commonly
initiated medications after fracture. Again, these observed asso-
ciations were unchanged in analyses limited to patients with hip
fracture and in analyses that controlled for all five drug classes
simultaneously. Our analyses also showed reproducible effect
estimates of covariates and post-fracture opiate use across all of
the individual drug-class models suggesting the observed pri-
mary drug effects were not the result of differential distribution
of confounders across each drug exposure populations (individ-
ual models not shown).

Results of secondary analysis among bisphosphonate
non-users

When we repeated our analyses limited only to bisphosphonate
non-users at the time of fracture, two new statistically signifi-
cant associations were observed. In this sub-cohort, initiation of
H2 antagonists was associated with an increase in fracture risk
(HR 1.27, 95% CI 1.02–1.58) while discontinuation of oral
corticosteroids was now associated with a reduction in subse-
quent fracture risk (HR 0.81, 95% CI 0.67–0.99). Additionally,
the initiation of tricyclic antidepressants no longer had a signif-
icant effect on fracture risk (HR 1.29, 95% CI 0.95–2.03).

Discussion

Prevention of second fracture among those who survive an
initial fragility fracture is an important goal to reduce post-

fracture morbidity, mortality, and health care costs.
Prescription drugs that may contribute to an increased incidence
of second fracture represent an appealing target to help achieve
this goal as they are commonly prescribed and commonly con-
tinued in the post-fracture setting. Our study yielded two pri-
mary findings that may be useful in secondary prevention of
fracture. First, we observed that stopping high-risk medications
among patients using these prior to a fragility fracture is unlike-
ly to make a significant impact on the rate of subsequent frac-
ture. The exception to this observation is SSRIs in which dis-
continuation was associated with a 12% reduction in the hazard
of a subsequent fracture. Our second observation was that ini-
tiation of new high-risk medications may result in an increased
risk of second fracture, but not for all drug classes previously
identified as increasing the risk of incident fragility fracture.

The first observation—that stopping high-risk medications
among users is generally not an effective target for interven-
tion—was contrary to our hypothesis that careful medication
reconciliation with removal of high-risk medications could sig-
nificantly reduce the rate of second fractures. The reason for this
observation is unclear, although there are many possible expla-
nations. For some of these drugs, the mechanism of increased
fracture risk is diminished bone mineral density. The impact of
prior use on bone density is not immediately reversed by with-
drawal of the causative drug, leaving the individual at continued
risk long after drug cessation. It is possible the survival curves
defining fracture risk would separate with longer observation
for such drugs. For other drugs, the risk of fracture may be most
heavily concentrated in the initial phase of use, potentially con-
tributing to the index fracture event, but after passing through
that initial period, sustained use may not be associated with

Table 3 Risk of second fracture
related to starting, stopping, or
continuing high-riska prescription
drugs

Starter vs. never user Discontinued use vs.
continued use

Hazard ratio 95% CI Hazard ratio 95% CI

Anticonvulsants 1.193 0.98–1.5 1.089 0.93–1.27

Antiparkinson 1.174 0.88–1.6 0.936 0.78–1.13

H2Antagonists 1.208 0.99–1.5 1.067 0.86–1.33

Hypnotics 1.264 1.08–1.48 0.942 0.82–1.08

Inhaled steroids 0.962 0.73–1.28 1.078 0.89–1.31

Loop diuretics 1.097 0.97–1.24 1.186 1.07–1.31

Nitrate antianginal agents 0.992 0.77–1.28 0.977 0.83–1.15

Oral steroids 1.142 0.88–1.48 0.867 0.73–1.03

Proton pump inhibitors 1.192 1.07–1.33 1.001 0.91–1.10

Second generation atypical anti-psychotics (SGAP) 1.694 1.43–2.01 1.012 0.83–1.24

Selective seratonin reuptake inhibitors (SSRI) 1.834 1.64–2.05 0.878 0.81–0.96

Tricyclic antidepressants 1.628 1.19–2.22 1.167 0.93–1.46

Thiazide diuretics/thaizide-like diuretics 0.932 0.79–1.10 1.209 1.09–1.34

Thiazolidinedione 0.701 0.41–1.21 1.025 0.83–1.26

a Drugs shown in prior literature to increase the risk of incident fracture in older patients
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persistently elevated risk. It is also possible our study was not
sufficiently powered to observe a clinically relevant change in
risk, particularly for some of the less-commonly prescribed
drugs and given that discontinuation of high-risk medications
is relatively uncommon. However, the fact that the primary
effect estimates for discontinuing therapy mostly center closely
around an HR of 1.0 argues against this possible explanation.

Our second finding suggests there is a small group of med-
ications that should not be initiated in the post-fracture period.
Three of these classes (proton pump inhibitors, selective sero-
tonin reuptake inhibitors, and hypnotics) were prescribed to
more than 15% of all fracture survivors and to at least 10% of
prior non-users in the year following fracture, suggesting there
is an opportunity to impact a large number of patients by
targeting a relatively small number of high-risk drugs. Our re-
sults further suggest that avoiding drug exposure rather than
substituting a different agent may be the preferred course when
feasible. For instance, histamine receptor antagonists (H2RA),
generally considered a safer substitute for PPI therapy, had an
HR for second fracture (HR = 1.21) that was nearly identical to
that of PPIs, with a confidence interval that nearly achieved
conventional cutoffs for statistical significance (95% CI 0.99–
1.48). This wider confidence interval at least in part reflects the
fact that these drugs are less commonly prescribed than PPIs.
Although firm conclusions cannot be drawn from this finding,
the data suggest it is at least possible that a large-scale transition
to H2RA use from PPI use may not have the desired effect of
significantly reducing the incidence of second fracture.
Similarly for SSRIs, tricyclic antidepressant therapy is also as-
sociated with an increase in the risk of subsequent fracture and
would not be an appropriate substitute.

Our results in new users are consistent with the literature
that has previously identified these drug classes as high-risk;
however, for several other drug classes (thiazide diuretics,
inhaled corticosteroids, nitrate-based anti-anginal drugs, and
thiazolidinediones), we did not observe even a trend towards
increased risk when focused on second fracture. The lack of
association may be due to differences in risk in a population of
patients who already experienced a fracture and as a result
have a different underlying risk factor and illness profile from
the general population more typically studied. For the remain-
ing classes, we observedHR estimates between 1.10 and 1.21,
suggesting a possible increased risk of fracture, but with con-
fidence intervals that crossed 1. Given our very large sample
size, these findings suggest that these drugs are uncommonly
prescribed and that even if an effect exists for these drugs,
focusing efforts on improved prescribing behavior may be
better directed at other target drugs.

Our finding that initiation of high-risk medications is asso-
ciated with higher second fracture risk than continued use is
also consistent with literature that suggests fracture risk may
not be linear over time. This has been observed most com-
monly in anti-hypertensive therapy, with data demonstrating

the fracture risk is highest shortly after treatment initiation or
titration [25, 27, 31]. Our study extends this observation to
other drug classes and suggests that an attenuation of long-
term risk may explain why continuation of pre-existing thera-
py is not associated with high rates of second fracture. Our
study is also consistent with a prior study by Harstedt and
colleagues which demonstrated that prescription drug expo-
sure may be an important risk factor for hospital re-admission
among hip fracture survivors [32]; however, to our knowl-
edge, our study is the first to differentiate continuation from
initiation of medications following a fracture event.

The results of our secondary analysis limited to bisphospho-
nate non-users should prompt continued research. These results
suggest bisphosphonate non-users may be at higher risk from
fracture when starting H2 receptor antagonists or when continu-
ing to take oral corticosteroids. Although the change in effect
from our primary analysis was not large, these results support
continued investigation into the potential role of bisphosphonates
and other fracture prevention strategies in attenuating the risk
associated with post-fracture prescribing decisions.

Our study has several potential limitations. We used data
from 2007 to 2011, which would impact our ability to observe
trends in either prescribing or fracture risk that have evolved in
the past 6 years. Having said that, improvement campaigns in
the intervening years have focused on osteoporosis treatment
rather than changing exposure to medications that may in-
crease fracture risk [33, 34]. The age of our data also precludes
examination of benzodiazepines which were excluded from
part D coverage until after the last year of the study cohort.
Nevertheless, it is unlikely that this omission would alter our
principal finding that initiation of new drugs is a more impor-
tant target for secondary prevention than focusing on discon-
tinuation of drugs previously prescribed. Our analyses also
focused on single drug exposure-outcome relationships. This
approachmaymask important synergistic effects of drug com-
binations. Evaluating these drug combinations was beyond
the scope of this initial work but would be a fruitful area for
further investigation. Our data are also limited to patients en-
rolled in Medicare part D. These patients have a higher rate of
comorbidity compared to the general Medicare population
which may limit the generalizability of our findings [35].
Our study included patients discharged to skilled nursing fa-
cilities for rehabilitation prior to returning to the community;
however, we excluded patients who are or become permanent
residents of nursing homes after fracture. This population is
likely to have a different level of comorbid illness, different
levels of social support and medical supervision, and are often
treated by a different population of prescribing physicians.
Additionally, because nursing home patients generally have
a poorer prognosis and more significant comorbidities, pre-
scribing decisions may appropriately be less influenced by
measures of long-term fracture risk, the subject of this study.
For these reasons, our results may not be applicable to this
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population. Lastly, we can only evaluate potential confound-
ing variables that are observable in claims; other unobservable
variables, such as the severity of comorbid diseases, might
cause a spurious association between the drugs selected and
second fracture. Our decision to use a cohort of patients with
prior fracture mitigates this limitation to a certain degree, be-
cause each individual in our study has demonstrated that they
are at high risk for fracture relative to a cohort of patients
without fracture. In this way, the fact that they have previously
suffered a fragility fracture is an effective marker for all of
their measured and unmeasured risk factors for the outcome
of interest. Additionally, our subgroup analyses limited to pa-
tients with hip fracture suggested that our observed associa-
tions were not being mediated by the event of hospitalization
and associated prescribing behaviors.

Conclusion

Our study demonstrates that attention to the use of high-risk
medications may reduce the incidence of second fracture.
Counter to our initial hypothesis, however, our data suggest
interventions should focus on preventing initiation of high-
risk medications rather than on discontinuing ongoing therapy.
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