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Abstract

Summary—While nitrogen-containing bisphosphonates have been shown to reduce fracture risk
in postmenopausal women and men, their safety in the period after a fracture is unclear. In fully
adjusted multivariable regression models, bisphosphonate use in the post-fracture period was
associated with an increased probability of non-union [odds ratio (OR) 2.37, 95% confidence interval
(CI) 1.13-4.96]. Clinicians might consider waiting for several months before introduction of a
bisphosphonate after a fracture.

Introduction—While nitrogen-containing bisphosphonates have been shown to reduce fracture risk
in postmenopausal women and men, their safety in the period after a fracture is unclear. We examined
the risk of non-union associated with post-fracture bisphosphonate use among a group of older adults
who had experienced a humerus fracture.

Methods—We conducted a nested case—control study among subjects who had experienced a
humerus fracture. From this cohort, cases of non-union were defined as those with an orthopedic
procedure related to non-union 91-365 days after the initial humerus fracture. Bisphosphonate
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exposure was assessed during the 365 days prior to the non-union among cases or the matched date
for controls. Multivariable logistic regression models were examined to calculate the OR and 95%
ClI for the association of post-fracture bisphosphonate use with non-union.

Results—From the cohort of 19,731 patients with humerus fractures, 81 (0.4%) experienced a non-
union. Among the 81 cases, 13 (16.0%) were exposed to bisphosphonates post-fracture, while 69 of
the 810 controls (8.5%) were exposed in the post-fracture interval. In fully adjusted multivariable
regression models, bisphosphonate use in the post-fracture period was associated with an increased
odds of non-union (OR 2.37, 95% CI 1.13-4.96). Albeit limited by small sample sizes, the increased
risk associated with bisphosphonate use persisted in the subgroup of patients without a history of
osteoporosis or prior fractures (OR 1.91, 95% CI 0.75-4.83).

Conclusions—In this study of older adults, non-union after a humerus fracture was rare.
Bisphosphonate use after the fracture was associated with an approximate doubling of the risk of
non-union.
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Introduction

Randomized controlled trials clearly demonstrate the benefit of nitrogen-containing
bisphosphonates such as alendronate, risedronate, and ibandronate in reducing fractures in
select populations [1]. However, it has never been clear when they should be initiated in the
post-fracture period. Based on their inhibition of both bone formation and resorption, there are
theoretical concerns that their use too close to the fracture date may retard callus formation
leading to non-union [2,3]. Some, but not all animal models, support this possibility [4-7]. A
recent study demonstrated that the precise timing of bisphosphonate use was very important

[8].

To date, there are only sparse human data on this issue [9]. The study of non-union risk among
bisphosphonate users is difficult. Typical randomized controlled trials (RCTs) are inadequate
to answer this question, because non-unions are relatively rare events, and RCTs generally do
not follow up patients long enough to determine the resolution of the fracture event. Large
observational studies may be more appropriate, but most prospective cohort studies have
inadequate data regarding the precise initiation dates for medications. The use of pharmacy
and health care utilization databases offer a possible setting for studying this issue. These data
sets are limited, however, by their lack of information on bone mineral density (BMD), often
used for the diagnosis of osteoporosis, but they do provide precise information about diagnoses,
surgical procedures, and prescription filling patterns.

Humerus fractures provide a useful example for studying the potential relation between
bisphosphonate use and non-union. Humerus fractures are common osteoporotic fractures,
with an incidence of 2.3 per 1,000 patient years in those over 60 years of age [10].
Approximately 70% of such fractures are associated with low BMD, and the risk of hip fracture
is doubled in the year after a humerus fracture [11]. These observations highlight the need for
osteoporosis treatment, such as a bisphosphonate, in most patients after a humerus fracture.

Thus, we studied the potential association between bisphosponate use and humeral non-union
using health care utilization data comprising over 1 million elderly adults. We hypothesized
an association between bisphosphonate use after a humeral fracture and subsequent non-union.
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Materials and methods

Design

We conducted a nested case—control study within a large cohort of older adults who sustained
a fracture of the humerus. Cases were defined as those patients who underwent a procedure
for a non-union between 91 and 365 days following the date of humerus fracture. Ten controls
who had experienced a humerus fracture but had not experienced non-union were matched
with each case based on calendar time. The risk of non-union associated with bisphosphonate
exposure before and after the initial fracture was calculated through multivariate adjusted
logistic regression models controlling for relevant covariates. We also assessed the risk of
exposure to other osteoporosis medications such as raloxifene and calcitonin.

Study population

The study population comprised Medicare beneficiaries from two large US states during the
period 1996-2004. All patients were also enrolled in a state run pharmacy benefits program
that provides medications at minimal expense to low-income elderly. The co-payments for
medications were $4—8 dollars per prescription during the study period, and no restrictions
were in place regarding osteoporosis medication prescribing.

Patients were eligible for inclusion in the study cohort if they sustained a humerus fracture
defined by ICD-9-CM diagnosis codes 812.00-812.3x. This algorithm has been found to have
a positive predictive value over 95% [12]. Eligible patients were excluded if they did not
demonstrate use of the health care system by requiring at least one Medicare and one drug
claim during the two 6-month periods preceding the humerus fracture. Since Medicare
reimburses for medications but does not provide information on such claims for patients during
their first 100 days in a nursing home, those admitted to a nursing home after their humerus
fracture were also censored.

This study received approval from the Partners Health-care Institutional Review Board. As
well, Data Use Agreements are in place with the relevant bodies.

Study endpoint (non-union)

Humeral non-union was defined based on the presence of a surgical procedure for non-union
(see Table 1) occurring 91-365 days after the initial humerus fracture. This definition is
consistent with diagnostic criteria used by previous articles and textbooks [13-15]. Ten
controls who had experienced the initial humerus fracture but did not undergo a procedure for
non-union at the time of matching were matched with each case based on calendar time.

Exposures of interest

The primary exposure of interest was bisphosphonate use, including oral preparations such as
alendronate, etidronate, and risedronate, and intravenous zoledronic acid. Since the study
period only ran through 2005, there was no use of ibandronate in the study population. As well,
there was no use of zoledronic acid in the nested case—control population. Therefore, this study
only considered the use of oral bisphosphonates.

Drug utilization was assessed through examining pharmacy claims for medication dispensing.
These electronic claims are automatically generated at each filling of a medication at
pharmacies and are not necessarily what was prescribed (and not filled) nor what patients
actually used. However, pharmacy claims data are generally considered the most complete and
accurate sources of drug utilization information available [16]. The pharmacy data comprise
the name of the drug, the strength, the number of pills, and the date of dispensing. From this
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information, we built a longitudinal record of drug utilization for each patient. Gaps between
prescriptions were considered days without medication, based on pharmacy dispensing data.

Drug utilization was examined during the 365 days prior to cohort-defining humerus fracture
(pre-fracture exposure). In addition, drug utilization was assessed during the period after the
humerus fracture but before the case-defining humeral non-union (post-fracture exposure). The
primary exposure of interest was bisphosphonate use post-fracture. To separate the post-
fracture from the pre-fracture period, we created mutually exclusive exposure categories (i.e.,
post-fracture and not pre-fracture). Sensitivity analyses assessed bisphosphonate use pre-
fracture and not post-fracture. Similar exposure categories were created for other osteoporosis
medications, including calcitonin and raloxifene, to assess their effect on non-union. We
assessed the use of these drugs as a comparison with the effect of bisphosphonates on non-
union. No information on calcium and vitamin D use or blood levels was available for analysis.

All covariate information was assessed during 365 days before the case-defining event or its
matched control date. Sociodemographic factors included age, gender, and race. Osteoporosis-
related factors included prior fracture, a diagnosis of osteoporosis, and use of glucocorticoids
or hormone therapy. Other comorbid conditions included a prior diagnosis of diabetes or
rheumatoid arthritis. Health services information included prior hospitalization, number of
physician visits, and number of different medications used [17]. In addition, a validated claims-
based adaptation of the Charlson comorbidity index was assessed [18]. In addition, we included
an indicator of whether there was instrumentation at the time of the humeral fracture.

Statistical analyses

Results

We first assessed the cumulative incidence of humeral non-union among the total cohort of
patients who sustained a humerus fracture. The adjusted odds ratio of non-union associated
with bisphosphonate use after a humeral fracture was estimated from multivariate conditional
logistic regression, including all covariates listed above. In case—control studies with risk-set
sampling, odds ratios are interpreted as hazard rate ratios and approximate relative risks for
rare events [19]. We first examined age- and sex-adjusted models and then fully adjusted
models. Finally, to better determine whether pre-existing osteoporosis or severity of humeral
fracture introduced confounding bias, we examined logistic regression models among relevant
subgroups of patients, i.e., those without a fracture in the 365 days prior to the humerus fracture
and those without instrumentation at the time of the humeral fracture.

All analyses were run in SAS (version 9.0).

From the eligible study population of Medicare beneficiaries, we were able to identify 19,731
patients who were diagnosed with fracture of the humerus. Eighty-one of these patients (0.41%)
underwent a non-union procedure 91-365 days after the initial humeral fracture. The median
time between the humeral fracture and the procedure for non-union was 187 days (interquartile
range 124-274 days). These 81 patients comprised the cases, and 810 controls (10:1) were
matched with them on calendar data for the nested case—control analyses.

Characteristics of cases and controls are shown in Table 2. The mean age of the case—control
population was nearly 80 years, with a slightly higher mean among controls. The source
population is over 80% female, and 95% of cases in this study were women versus 91% of
controls. The vast majority of cases and controls were Caucasian, again reflecting the
composition of the source population. Cases were more likely to have been hospitalized in the
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prior year than controls. Their comorbidity index scores were more likely to be in the upper
third of the distribution, and they were more likely to have been diagnosed with diabetes.

Bisphosphonate exposures for cases and controls are shown in Table 3. Few patients were
receiving bisphosphonates before or after the humeral fracture. The mean exposure durations
were approximately 1 month.

We next examined the relative risk of non-union associated with post-fracture bisphosphonate
use (see Fig. 1a). Age- and gender-adjusted models (RR=1.84, 95% confidence interval, Cl,
0.94-3.60) as well as fully adjusted models (RR=2.37, 95% CI 1.13-4.96) gave similar relative
risk estimates. There was no elevation in risk associated with pre-fracture bisphosphonate use
(RR=0.84, 95% CI 0.19-3.74). Similar models were examined for calcitonin and raloxifene
use. There was no elevation in relative risk of non-union for use of these agents post-fracture
(RR=0.57, 95% CI 0.13-2.50). There did appear to be an elevated risk of pre-fracture use,
although the number of cases was small and the confidence intervals were wide (RR=2.12,
95% CI 0.52-8.63).

Finally, to limit the effect of residual confounding by fracture severity or prior osteoporosis,
fully adjusted models were re-run in two subgroups: (1) patients without prior fracture or
osteoporosis and (2) patients without instrumentation at the time of the initial humeral fracture.
These subgroup analyses showed relative risk estimates similar to the overall study population
(see Fig. 1b).

Discussion

Fractures of the humerus in adults are associated with low bone mineral density and are
considered to be osteoporotic fractures [10]. Most major guidelines recommend osteoporosis
treatment, including the use of nitrogen-containing bisphosphonates, for patients with fractures
such as those of the humerus. However, prior literature has raised concerns about a possible
theoretical association between bisphosphonate use and fracture non-union. Since non-union
is a relative rare event, study of this association is challenging in most clinical datasets. We
examined this relationship using a very large health care utilization database comprised of older
adult Medicare beneficiaries who are also enrollees of state run drug benefit programs for older
adults. In this nested case—control study, bisphosphonate use after a fracture of the humerus
was associated with an approximate doubling of the risk of non-union. This was not the case
for bisphosphonate use before the humeral fracture and also not the case for use of post-fracture
calcitonin or raloxifene. This relationship of post-fracture bisphosphonate use and non-union
persisted in subgroup analyses of patients without prior osteoporosis or fractures as well as in
patients who had not had instrumentation at the time of their humerus fracture.

While this study is the largest to date of the potential relationship between post-fracture
bisphosphonate use and non-union, there are a number of methodologic limitations. First, the
severity of osteoporosis as measured by bone mineral density may confound the relationship
between non-union and post-fracture bisphosphonate use. If low bone mineral density is a risk
factor for non-union and is associated with a higher likelihood of post-fracture bisphosphonate
use, then this unmeasured factor could induce a relationship that is not causal. It is also possible
that bisphosphonates could have been prescribed to patients in response to possible non-union,
a form of protopathic bias [20]. The fact that the relationship between post-fracture
bisphosphonate use and humeral non-union persisted among patients without a prior fracture
nor a diagnosis of osteoporosis suggests that this relationship is not due to low bone mineral
density. Moreover, the fact that the relationship was not observed among patients using
calcitonin or raloxifene post-fracture also argues against confounding.

Osteoporos Int. Author manuscript; available in PMC 2010 June 15.
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Second, we did not have information about calcium or vitamin D use or serum levels of calcium
and 25-hydroxyvitamin D. In addition, several other risk factors for non-union were also
missing from the study database, including obesity, osteoporosis, alcoholism, smoking, poor
bone quality, and scar tissue. Third, pharmacy claims information do not equate to what a
patient actually took. Patients can fill prescriptions and not take the medications. As well, some
patients obtain drugs without filling prescriptions through use of samples. Fourth, the definition
of non-union of a humeral fracture was based on procedure data and not actual clinical records
with radiographs. Misclassification of exposures and endpoints typically biases relative risks
toward the null rather than away from it. Finally, the patients we studied were predominantly
older white adults with low incomes. It is possible that our results would not generalize to other
populations.

Several strengths of our analyses are also worth noting. Since non-union is a relatively rare
event, large health care utilization databases likely will be the best source for large cohorts to
study this phenomenon. Moreover, precise information about drug utilization will be important.
Health care utilization databases, while not perfect, may give the best information on the timing
between bisphosphonate use and non-union. We have demonstrated the value of this approach
in prior work [21]. It is important to note that the cohort we used in our prior work has been
updated in the current work.

While prior literature suggests the possibility that bisphosphonates are associated with non-
union, there are no clear data supporting this from clinical trials. As we note above, RCTs of
bisphosphonates for fracture prevention did not start bisphosphonates in the immediate post-
fracture period, and many did not follow up patients who sustained fractures long enough to
determine whether a fracture non-union occurred. One interesting exception is the HORIZON
Recurrent Fracture Trial that enrolled 2,127 patients who had sustained hip fractures and
followed them up for a median of 1.9 years [9]. In this trial, patients received an intravenous
injection of zoledronic acid within 90 days after a hip fracture. Delayed healing or non-union
was reported in slightly more patients in the zoledronic acid group, 3.2% versus 2.7% in the
placebo group (risk ratio 1.17, 95% confidence interval 0.72-1.90), but this difference was not
statistically significant. While this trial suggests that the use of a bisphosphonate in the post-
fracture period is not associated with a large increase in the risk of non-union, it is not clear
from the report exactly when during the 90-day period the bisphosphonate was given. As well,
all of the hip fractures in the HORIZON trial would have been treated initially with
instrumentation, and all of the patients were vitamin D replete prior to receiving the
bisphosphonate, and all received calcium and vitamin D supplementation during the trial. Thus,
the effect of a bisphosphonate on hip non-union may not be comparable to our example of
humerus fracture. There have been data from a rodent fracture model that zoledronic acid does
not delay endochondral fracture repair, but weekly dosing did delay hard callus remodeling
[22]. Thus, the relationship between bisphosphonates and non-union may be agent and dose
specific. It is also possible that cortical healing, such as that required in humeral fractures, is
more vulnerable than metaphyseal trabecular healing. We cannot find any support for this in
the literature, but it is a possible explanation for our findings.

In conclusion, we observed an approximate two-fold increased risk of non-union among older
adult patients who used a bisphosphonate after a fracture of the humerus. While this risk was
statistically significant, its clinical significance is unclear. We found that non-union occurred
in approximately one in 250 patients. If bisphosphonate use causes a doubling of the risk of

non-union, then the risk goes from one in 250 to one in 125, corresponding to a number needed
to harm of approximately 125. Since bisphosphonate use among high-risk patients is associated
with an approximate 50% reduction in fracture risk and the morbidity and mortality associated
with a new fracture are often much greater than a non-union, it would appear unwise to suggest
not using a bisphosphonate after a fracture. Thus, delaying bisphosphonate use for the first few
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months after a fracture might be wise, as long as the delay does not interfere with the ultimate
initiation of such agents.
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Fig. 1.

The adjusted relative risk and 95% confidence intervals based on models that included all
variables listed in Table 1. Since the events are rare, the calculated odds ratios approximate
the relative risk. a The results for post-fracture and pre-fracture bisphosphonate use. b The
results for post-fracture bisphosphonate use among patients without a prior fracture nor a
diagnosis of osteoporosis and without surgery at the time of the humerus fracture

Osteoporos Int. Author manuscript; available in PMC 2010 June 15.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Solomon et al.

Table 1

Procedures used to define non-union of a humerus fracture

Common procedural terminology code  Description

24430
24435
24515
24516

Repair of non-union or mal-union
Repair of non-union or mal-union
Open treatment of humeral shaft fracture with plate/screws

Treatment of humeral shaft fracture

Osteoporos Int. Author manuscript; available in PMC 2010 June 15.

Page 10



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Solomon et al.

Table 2

Page 11

Baseline characteristics of study population from the 12 months prior to the index fracture of the humerus

Non-union (cases)
N (%) or mean (+SD)

No non-union (controls)

P value

N
Age, mean
Age, by category
65-74
75-84
85+
Female gender
Race, by category
Caucasian
African American
Other
Hospitalization, yes
Number of physician visits, mean
Number of different medications, mean
Comorbidity score
Zero to one
Two to four
Five or more
History of a fracture
History of osteoporosis
History of oral glucocorticoid use
Surgery at time of index fracture
Prior diabetes
Prior hormone therapy

Prior rheumatoid arthritis

81
77 (+9)

31(38)
35 (43)
15 (19)
77 (95)
0.9
77 (95)
2(2)
2(2)
31(38)
9 (6)
9 (6)

14 (17)
25 (31)
42 (52)
22 (27)
11 (14)
8 (10)
8 (10)
33 (41)
4(5)
6(7)

810
80 (+8)

189 (23)
374 (46)
247 (30)
756 (91)

768 (95)
26 (3)
16 (2)

223 (28)
8 (6)
8 (5)

265 (33)
239 (30)
306 (38)
165 (20)
111 (14)
66 (8)
19 (2)
238 (29)
23 (3)
36 (4)

0.03
0.01

0.5

0.04
0.2
0.6

0.01

0.15
0.9
0.6

<0.001

0.03
0.3
0.2

P values were calculated using the Student’s t test for continuous normally distributed variables and a chi-square test for categorical variables
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Table 3

Bisphosphonate exposure for cases and controls

Bisphosphonate exposure  Cases Controls

Pre-fracture  Post-fracture  Pre-fracture  Post-fracture

Any exposure, n (%) 3(3.7) 13 (16.0) 28 (3.5) 69 (8.5)
Days of exposure, mean 36 (x11) 26 (£23) 37 (£24) 26 (+20)

There was no intravenous bisphosphonate use observed in this cohort
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