
Fracture risk and adjuvant hormonal therapy among a
population-based cohort of older female breast cancer patients

J. M. Neuner,
Department of Medicine, Medical College of Wisconsin, Milwaukee, WI, USA

Center for Patient Care and Outcomes Research, Medical College of Wisconsin, 8701 Watertown
Plank Road, Milwaukee, WI 53226, USA

T. W. Yen,
Department of Surgery, Medical College of Wisconsin, Milwaukee, WI, USA

Center for Patient Care and Outcomes Research, Medical College of Wisconsin, 8701 Watertown
Plank Road, Milwaukee, WI 53226, USA

R. A. Sparapani,
Center for Patient Care and Outcomes Research, Medical College of Wisconsin, 8701 Watertown
Plank Road, Milwaukee, WI 53226, USA

P. W. Laud, and
Center for Patient Care and Outcomes Research, Medical College of Wisconsin, 8701 Watertown
Plank Road, Milwaukee, WI 53226, USA

Division of Biostatistics, Medical College of Wisconsin, Milwaukee, WI, USA

A. B. Nattinger
Department of Medicine, Medical College of Wisconsin, Milwaukee, WI, USA

Center for Patient Care and Outcomes Research, Medical College of Wisconsin, 8701 Watertown
Plank Road, Milwaukee, WI 53226, USA
J. M. Neuner: jneuner@mcw.edu

Abstract
Summary—The risk of hip and other fractures was examined among a population-based group
of older women with breast cancer. Women using aromatase inhibitors (AIs) were found to be
over three times more likely to have a hip fracture over approximately 3 years’ follow-up. Other
fracture risk factors were also identified.

Introduction—Aromatase inhibitors have been shown in randomized trials to increase total
fracture risk compared with tamoxifen, but the fracture risks in the trials were relatively low, and
no difference in hip fracture has been demonstrated.

Methods—A population-based cohort of 2003 breast cancer survivors ≥65 were followed
prospectively for a median of 36 months. Patient survey information regarding adjuvant breast
cancer therapies, prescription osteoporosis treatments, and other factors potentially associated with
fracture was supplemented with cancer registry information. Hip and total nonvertebral fractures
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were determined using a validated Medicare algorithm, and the association of these fractures with
adjuvant hormonal therapies was examined using Cox models.

Results—The cohort of 2,748 women with a mean age of 72.8 (SD 5.4) included 28.2% who
took an aromatase inhibitor and 27.8% tamoxifen. There were 41 hip fractures (1.5%) and 218
nonvertebral fractures (7.9%) among the cohort. Subjects using AIs (adjusted hazard ratio 3.24
(1.05, 9.98)) and subjects not using hormone therapy (3.32 (1.14, 9.65)) were more likely than
users of tamoxifen to have a hip fracture. Bisphosphonate use was more common among AI users
but did not explain these results. Users of AIs were more likely to have nonvertebral fractures, but
this result did not reach statistical significance (adjusted hazard 1.34 (0.92, 1.94)).

Conclusions—Hip and other fractures were common in an older population-based cohort of
breast cancer survivors, and aromatase inhibitor use was associated with an increase in the short-
term risk of hip fractures not detected in randomized controlled trials
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Introduction
Adjuvant aromatase inhibitor (AI) therapy has been shown in several randomized trials to
reduce breast cancer recurrence by about 50% when compared to tamoxifen therapy [1–5]
and is now recommended for virtually all postmenopausal women with hormone-sensitive
breast cancer. Unfortunately, the same trials showing benefit from aromatase inhibitors have
also shown increases in the total number of bony fractures with their use [1,3–5]. The trials
have reported modest absolute risks of fractures in both placebo and control groups,
however, and none have yet detected a difference in hip fracture between AI and tamoxifen
users. Several questions about AIs and their effects on fractures thus remain unanswered by
clinical trials.

First of these questions is whether the fracture risk with aromatase inhibitors is larger for
community-based patients than for clinical trial enrollees. In the USA, only about 5% of
breast cancer patients enroll in clinical trials, and these enrollees represent a selected group
who are younger [6], have fewer comorbidities and higher functional status [7], and are
more likely to be White [6]. The large aromatase inhibitor trials varied somewhat in their
enrollment criteria, but most excluded patients with major comorbid cardiopulmonary
diseases or poor performance status [4,8–10]. The median cohort age in all of the large AI
trials was less than 65, and even the largest study had less than 300 participants over age 75
[11]. Because of concerns about bony risks, one large trial [10] specifically excluded
patients with prior “severe” osteoporosis diagnoses. It is likely that AIs are being used in
broader groups of patients outside clinical trial settings, so examination of an older and
unselected group of patients is essential.

The difference in risk of hip fracture between community-based and randomized trial
subjects may be particularly large. Hip fracture risk increases more than tenfold between the
sixth and ninth decades [12,13], a substantially greater increase than for other fractures. Hip
fractures also occur much more among frail patients [14], so younger patients at high hip
fracture risk because of comorbidity would also be underrepresented in trials. It is important
that hip fracture risk be well-studied; less than half of patients resume baseline levels of
functioning, and nearly one in five requires long-term nursing home care after hip fracture
[12,14].
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Second, randomized trials will not be able to address a continuing question regarding
whether AIs cause the entire excess of fractures observed or whether tamoxifen provides
some protection. Tamoxifen has been shown since the 1990s to increase bone mineral
density (BMD) by −1% to 2% yearly when compared with placebo [15–17], but little has
been published regarding its effect upon fractures. The only large trial of an aromatase
inhibitor which included a placebo arm [1] enrolled patients who already had taken
tamoxifen for 5 years and found no significant increase in total or hip fracture. One small
study of stage I breast cancer patients [18] reported a reduction in BMD over 2 years with
exemestane compared with placebo but was too small to examine fractures. The fracture risk
of AIs compared with placebo could not ethically be examined among a larger group
because of the well-established efficacy of adjuvant tamoxifen for breast cancer [19].

To further address the question of the risk of fracture among a community-based, higher-risk
group, we measured fractures and factors associated with them among a population-based
cohort of postmenopausal breast cancer patients with few exclusions. We hypothesized that
the fracture risk in the cohort would be higher than in the randomized controlled trials and
that risk factors for fracture could be identified. We further hypothesized that the risk of hip
and total nonvertebral fractures would be higher with aromatase inhibitors than with
tamoxifen, with an intermediate fracture risk for those not taking any hormonal therapy.
This cohort included only women aged 65 and over, included information regarding
fracture-specific risk factors, and enrolled participants at a time when a substantial number
of patients were taking tamoxifen.

Materials and methods
Data sources and study cohort

The primary data source for the study was a population-based survey of community-
dwelling elderly women with incident breast cancer in 2003 being followed prospectively in
a National Cancer Institute-sponsored study of breast cancer outcomes [20,21]. Potential
subjects for the ongoing study were identified with a published algorithm [22] utilizing
Medicare administrative data and included women aged 65–89 who underwent surgery for
an incident breast cancer March 1–September 30, 2003 in Illinois, New York, Florida, or
California. Subjects were required to be enrolled in Medicare parts A and B and not be in a
Medicare health maintenance organization for calendar year 2003. The study protocol was
approved by the Medical College of Wisconsin Institutional Review Board and the Centers
for Medicare and Medicaid Services (CMS) Privacy Board.

Women were invited to participate in the study through a letter which included opt-out
information on Center for Medicare and Medicaid Services’ letterhead. The flow of potential
participants in the study has been previously described [23]. In brief, potentially eligible
subjects were excluded if by the time of recruitment they were deceased or had incorrect
contact information, had Medicare claims for dementia or a long-term care facility stay of
≥100 days, did not speak English or Spanish or were physically unable to answer the survey,
or did not confirm a 2003 incident breast cancer. All enrolled women provided informed
consent by telephone.

Of the 8,742 subjects initially mailed a letter by the CMS contractor, 2,995 subjects were
determined to be ineligible, 228 had contact information identified but were never reached
by telephone, and 2,436 declined participation (Fig. 1) for a total cohort for the first survey
numbering 3,083 women (response rate 70%). As previously reported [23], participants
were no different from nonparticipants in race/ethnicity, income or comorbidity, or initial
treatment, although they were slightly younger.
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Subjects initially enrolled in the study in 2005 provided demographic, socioeconomic,
treatment, and cancer-related outcome factors including recurrence. These subjects were
offered participation in follow-up telephone surveys focused on continuing ascertainment of
treatments and outcomes at approximately yearly intervals. In addition, subjects gave
informed consent for use of their Medicare administrative data and their tumor registry
information.

Subjects for this analysis were selected from respondents to the second follow-up survey,
conducted between June 2006 and February 2007, when information regarding fracture risk
factors was elicited. The participation rate for survey 2 was 90.4%. Fifteen women with
distant (stage 4) disease at the time of breast cancer diagnosis based on tumor registry were
excluded from this analysis because of the greater risk that any fractures would be related to
bony metastases for a final study cohort of 2,748 patients.

Fracture outcomes
We measured hip and total nonvertebral fractures from Medicare administrative data using
an adaptation [23,24] of an algorithm that had been validated with chart and radiologic
review [25] among Medicare patients. Medicare data examined for evidence of fractures
included the Inpatient Standard Analytical Files (SAF) of inpatient hospital claims, the
Outpatient SAF of Medicare claims for outpatient facilities, the 100% Carrier SAF of
physician services, and the denominator file, which contains information on beneficiary
enrollment and zip code of residence. The algorithm first identified possible fractures using
International Statistical Classification of Diseases and Related Health Problems, 9th
Revision (ICD-9) diagnostic and procedure or Common Procedural Terminology procedure
codes, including some nonspecific codes for confirmation of fracture site (e.g., casting
codes). The algorithm then excluded subjects if further claims suggested that a new fracture
did not occur, for example, a surgical procedure code with the only ICD-9 diagnosis codes
indicating arthritis, old fracture, or other bone disease or a fracture diagnosis code seen only
on hospital admission without operative procedure or discharge diagnosis codes. The
algorithm does not attempt to identify vertebral fractures. A recent study showed that
incident vertebral fractures continue to be difficult to identify using claims [26], so we did
not attempt to identify them. The positive predictive value of the published algorithm is 98%
for hip fracture and 94% overall [25] which compares favorably to published results for
fracture self-report [27].

Hormonal therapy
In each study wave, subjects were asked to give detailed information about all breast cancer
medications they had received, including dates they stopped and started the treatments. Each
of the hormonal therapy medications (letrozole, exemestane, anastrozole, and tamoxifen)
was asked about by brand and generic name. Hormonal therapy for breast cancer was
defined as the medication (aromatase inhibitor, tamoxifen, or none) the subject was using 6
months after breast cancer surgery.

Other covariates
Race/ethnicity was determined by self-report. Self-reported height and weight were used to
calculate body mass index (BMI), which was categorized in cohort quartiles as in published
osteoporosis cohorts [28]. A family fracture history was defined as a history of a hip, pelvis,
wrist, or vertebral fracture reported for a first-degree relative. Oral bisphosphonate start and
stop dates were ascertained from survey as for hormonal therapy and intravenous
bisphosphonates from Medicare administrative files from 2003 to 2006. Variables obtained
from Medicare administrative files from 2003 included age at time of breast cancer surgery,
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nonvertebral fractures over the 12 months before AI initiation, and comorbidity using the
methodology described by Klabunde et al. [29].

Initial breast cancer stage was obtained and categorized from routinely collected state tumor
registry information (in situ, local, regional, or unknown). Recurrences and their dates were
based on patient’s report of a physician-diagnosed breast cancer recurrence, with
supplementary information from state tumor registries used to confirm that recurrences were
not incident cancers of another primary type.

Analysis
The analysis was focused on the development of fractures and their association with
medication use prior to breast cancer recurrence, as in several AI trials [3,11,30]. There were
247 members of our cohort who reported switching from tamoxifen to an aromatase
inhibitor during the course of follow-up and 27 who switched from an aromatase inhibitor to
tamoxifen. These patients were analyzed based on their original medication because based
on the AI trials, this would bias our results toward a null finding for the most clinically
relevant comparison of tamoxifen vs aromatase inhibitors. Little evidence exists to suspect
that different AI agents would have different risks of fracture, so all AI users (87% of users
of aromatase inhibitors took anastrozole) were grouped together. Non-Hispanic Whites
made up 92% of the cohort and were compared with women of other races/ethnicities. We
excluded 22 cohort patients from analyses: 19 who reported taking two different hormone
therapy agents at the same time, two who could not recall the date of their breast cancer
recurrences, and one who had a recurrence prior to fracture.

The unadjusted association between hormone therapy type and other potential risk factors
[31,32] and (1) hip and (2) total nonvertebral fractures occurring between 6 months after
breast cancer surgery and December 31, 2006 were examined using the log-rank test.
Primary adjusted analyses used time-to-event methods based on Cox proportional hazard
models to examine the hazard for fracture by hormone therapy category adjusted for other
fracture risk factors. Potential confounders including breast cancer stage and bisphosphonate
use were examined by entering each individually into the models. We also examined any
possible differences in the association of adjuvant hormonal therapies by patient age using
interaction terms.

Results
There were 2,748 women in the final cohort of older postmenopausal breast cancer survivors
from four large states. Of these, 28.2% of the women were taking an aromatase inhibitor and
27.8% tamoxifen 6 months after surgery. The mean age of cohort members was 72.8 (S.D.
5.4), and 12.6% of women were aged 80 and over.

The characteristics of the study sample by hormonal therapy category are shown in Table 1.
Most fracture risk factors including age, history of fracture, and family history of fracture
were evenly distributed between those taking an AI, tamoxifen, or neither. Body mass index
was slightly higher and bisphosphonate use greater among women taking AIs. As expected
among women with in situ tumors, only 9.5% took AIs and 31.5% took tamoxifen.

During a median of 36 months of follow-up, 1.5% of the total cohort subjects (n = 41) had a
hip fracture and 7.9% (n = 216) a nonvertebral fracture. Hip fractures occurred among 1.7%
of subjects taking AIs, 0.5% of subjects taking tamoxifen, and 2.0% of subjects not using
hormone therapy (p = 0.028). Nonvertebral fractures occurred among 8.8% of users of
aromatase inhibitors, 6.8% of users of tamoxifen, and 8.1% of subjects not using hormone
therapy (p = 0.346). The unadjusted Kaplan–Meyer curves by category of hormonal therapy
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use are shown in Figs. 2 and 3. For hip fractures (Fig. 2), the curve for tamoxifen use stayed
consistently below those for the other treatments throughout the study period. For total
fracture, the tamoxifen curve appeared to separate from the other treatment curves at 30
months (Fig. 3), although the differences were not statistically significant.

The associations of other potential fracture risk factors with hip and total fractures are
shown in Table 2. Age was strongly associated with hip and total fractures in unadjusted
analyses. BMI in the lowest quartile was associated with hip fracture, and the characteristics
of fractures in the prior year and comorbidity were each associated with total nonvertebral
fracture. Race/ethnicity was not associated with fractures, but only 14 nonwhite patients had
nonvertebral fractures. Breast cancer stage was not associated with fracture (p = 0.873).

Adjusted results
In models of the risk of hip fracture adjusted for age, comorbidity, and BMI (Table 3), the
hazard for hip fracture among AI users compared with tamoxifen users was 3.24 (95%
confidence interval (CI) 1.05, 9.98). The hazard was similar for subjects not taking any
hormone therapy. Age and BMI continued to be strongly associated with hip fracture. Race/
ethnicity, prior fracture, comorbidity, and breast cancer stage were not important
confounders.

In models of the risk of total nonvertebral fracture adjusted for age, comorbidity, BMI,
chemotherapy use, and prior fracture (Table 3), there were no statistically significant
differences in the hazard for total fracture for AI users or subjects not taking any hormone
therapy compared with tamoxifen users (p = 0.11). Race, prior fracture, comorbidity, and
breast cancer stage were not important confounders of this association.

Although users of AIs were more likely to be taking bisphosphonates, the addition of
bisphosphonate use to all models had minimal effects on the results for hormonal therapies
(Table 3). The results were unchanged in an analysis restricted to subjects who remained
fully adherent to medications (84.2% of AI users and 81.8% of tamoxifen users). There was
no interaction between age and the effect of aromatase inhibitors on hip or total fractures.

Discussion
In this population-based study of 2,748 women 65 and over with breast cancer in 2003, the
hazard for hip fracture for users of an aromatase inhibitors compared with users of
tamoxifen was 3.24 (95% CI 1.05, 9.98), with an absolute increase in hip fracture of 1.1%
over 36 months. Hip fracture risk among women not taking any hormone therapy was also
elevated compared to users of tamoxifen. There were no statistically significant differences
between these three groups in risk of total nonvertebral fractures. Although AI users were
more likely than other women to be taking a bisphosphonate, this did not alter any of these
findings. Major fracture risk factors in non-cancer populations including age, low body mass
index, and prior fractures were strongly associated with fractures.

This study offers support for the possibility that some of the differences in fracture risk
between tamoxifen and AIs occur through a protective effect of tamoxifen. Placebo-
controlled studies from the 1990s reported that tamoxifen increased BMD in
postmenopausal women by 1% to 2% yearly compared with placebo-controlled studies, but
evidence regarding fractures has been mixed [15,17]. The NSABP Breast Cancer Prevention
Study P-1 reported a substantial but not statistically significant reduction in the risk of hip
(relative risk (RR) 0.55 (0.25–1.15)) and total (RR 0.81 (0.63–1.05)) fractures in its primary
report on 5 years of tamoxifen chemoprevention [33]. The effect of tamoxifen vs placebo on
total fractures, however, became statistically significant with two additional years of follow-
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up [34]. A smaller Danish randomized trial of tamoxifen compared with placebo among
breast cancer patients reported no difference in fractures [35]. Our study is thus consistent
with existing knowledge from the largest prior tamoxifen study, but to our knowledge is the
first to show that adjuvant tamoxifen is associated with a lower risk of hip fracture than no
hormonal therapy.

This study also provides some of the first direct evidence of the fracture risk of aromatase
inhibitors when compared with no adjuvant hormonal therapy. The findings of no difference
in fractures between AI users and those who did not take hormonal therapy may at first
appear contradictory to the limited bone density literature to date. Adjuvant exemestane for
2 years worsened hip BMD loss compared with placebo in one study of 147 women (2.72%
vs 1.42%, p = 0.024) [18], and another study of 2 years of letrozole after 5 years of
tamoxifen [36] found greater spine and hip BMD reductions for letrozole users than placebo
[36]. However, no patients with normal baseline BMD in either study became osteoporotic,
and no differences were demonstrated in progression from osteopenia to osteoporosis. Given
the potential for a delay in bone density impacts upon fracture risk, our study may thus be
consistent with these previous findings. It is also possible that a smaller AI effect was not
detectable, while the tamoxifen effect of 1% to 2% yearly difference between tamoxifen and
placebo could be observed. Our large study of patients at high baseline fracture risk also
adds to these previous reports by showing that even in a real-world setting, BMD effects of
AIs did not translate into substantial short-term increases in fracture risk compared with no
hormonal treatment.

Our lack of ability to identify total nonvertebral fractures between AI and tamoxifen users is
somewhat surprising given the difference we found for hip fractures by AI and tamoxifen
use. Given the confidence intervals in our study, it is possible that the risk conferred by
aromatase inhibitors is actually similar for total and hip fractures. If there are differences,
our study cannot directly address the possible reasons. However, our patients are likely to
have been more frail than those in the randomized trials. They were older, with a median age
near 73, and over one third had a major comorbidity. The incidence of hip fracture in our
study was three times higher than corresponding early results from ATAC and was
consistent with a subgroup analysis of 295 women ≥75 from the BIG 1–98 trial, in which
there were four hip fractures with letrozole and one with tamoxifen [11]. It is also possible
that women who switched from tamoxifen to AIs led us to underestimate the differences
between these two groups in our total nonvertebral fracture results. However, the annualized
absolute risk of total fracture in the tamoxifen group in our study was higher than in the
ATAC anastrozole trial [5], and the hazard for the comparison of AIs with tamoxifen was
only slightly smaller.

Our results offer important information to supplement the clinical trials regarding the
absolute risk of fracture among breast cancer patients, both treated and untreated with
hormonal therapy. The study cohort’s higher risk compared with AI trial enrollees is
probably conferred by age, comorbidity, and the higher number of nonwhite patients in our
study [11]. Several large trials were performed primarily in Western Europe and the USA
and had few nonwhite participants. Since personal or family history of fractures were not
systematically measured in the randomized trials, comparison with our cohort is difficult,
although it is possible that these risk factors were more prevalent in our cohort as well. The
fracture risks in the breast cancer cohort are comparable to non-cancer US estimates based
on a Rochester Minnesota cohort [37]

Our study has limitations, several of which are common to observational research. Subjects
were not randomly assigned to therapies, and it is possible that providers took fracture risk
into account in treatment decisions. Our results are consistent with the possibility that
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physicians used lower BMI in decisions to prescribe tamoxifen. We were able, however, to
adjust for this and multiple other fracture risk factors that clinicians might consider, and this
adjustment did not appreciably change our findings. Our survey study could not obtain
reliable information regarding bone density test results, although we did have information
about bisphosphonate use. Our study was limited by the cohort’s relatively small number of
fractures and short duration, although it included more older patients than any of the large
AI trials. We could not exclude from our fracture outcomes any high-trauma fractures, but
we would not expect these to differ by hormonal therapy use. As discussed above, women
who switched therapies may have affected our results. Given that most switched from
tamoxifen to AIs, however, they are not likely to explain the higher rate of hip fractures
among AI vs tamoxifen users.

Our study results should also be considered in the context of recent studies of bone loss
prevention in breast cancer patients. Bisphosphonates have been shown to maintain BMD in
postmenopausal patients taking AIs [38,39], although none of these studies was powered to
examine fractures. Enthusiasm for using bisphosphonates may be further bolstered by early
results of studies showing an antitumor effect of adjuvant bisphosphonates in
postmenopausal women [40]. However, bisphosphonates can cause osteonecrosis of the jaw,
a severe and potentially disfiguring condition [41], and recent warnings of possible
increased risks of atrial fibrillation [42,43] and esophageal cancer [44] might also raise
concerns. Furthermore, adjustment for bisphosphonate use in our study did not substantially
change our results. Perhaps this occurred because of insufficient study treatment time and/or
the lack of ability to adjust for baseline bone density. It is also possible, however, that the
preservation of bone density shown in trials of bisphosphonates for AI-related BMD losses
does not translate into measurable fracture effects. Better understandings of the comparative
bony risks of hormonal therapies are thus crucial for decision making about both hormonal
and bisphosphonate treatments.

In conclusion, in a population-based cohort of older female breast cancer patients, users of
aromatase inhibitors had a substantially higher risk of hip fracture, though not total
nonvertebral fracture, than users of tamoxifen. Furthermore, the absolute hip fracture risk
difference of just over 1% over 3 years that we identified is unlikely to outweigh the benefits
of aromatase inhibitors over tamoxifen in improved breast cancer survival and reduced
thromboembolism and endometrial cancer [45,46]. This information, including the higher
fracture risks measured among our cohort than reported in randomized trials, can, however,
be useful prognostically to clinicians and patients considering bony protective treatment
options. Trials of AI use beyond 5 years are currently enrolling, and continuing evaluation
of AIs’ long-term effects on bone will be needed.
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Fig. 1.
Participant flow and reasons for exclusion
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Fig. 2.
Probability of hip fracture by type of adjuvant hormonal therapy unadjusted Kaplan–Meier
estimates by type of adjuvant hormone therapy use (see text)
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Fig. 3.
Probability of total nonvertebral fracture by type of adjuvant hormonal therapy unadjusted
Kaplan–Meier estimates by type of adjuvant hormone therapy use (see text)

Neuner et al. Page 14

Osteoporos Int. Author manuscript; available in PMC 2012 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Neuner et al. Page 15

Table 1

Characteristics of 2003 breast cancer cohort by adjuvant hormonal therapy type

Aromatase inhibitor.
(n = 775)

Tamoxifen (n = 764) Neither (n = 1,209) p value for
difference

Mean age (SD) 72.5 (5.3) 72.8 (5.3) 72.9 (5.6) 0.386

Race/ethnicity (%)

  Non-Hispanic White 91.0 91.6 92.2 0.610

  Other 9.0 8.4 7.8

Breast cancer stage (%)

  In situ 5.2 17.3 20.4 <.001

  Local 64.9 57.3 48.1

  Regional 17.0 11.8 18.2

  Unknown 12.9 13.6 13.3

Mean body mass index (SD)a 27.6 (5.6) 26.8 (4.9) 26.8 (5.3) 0.003

History of nonvertebral fracture in prior year
(%)a

1.7 2.1 2.1 0.790

Family history of fracture (%)a 25.3 24.8 23.9 0.761

No comorbidity (%)a 62.3 66.9 62.2 0.141

Cytotoxic chemotherapy use (%) 14.1 9.4 29.8 <.001

Oral bisphosphonate use (%)a 35.2 27.8 25.7 <.001

a
Among female breast cancer patients without known metastatic disease at diagnosis (see text). Cohort n for BMI = 2,667, prior fractures n =

2,720, family history n = 2,669, osteoporosis medication use n = 2,738; for remainder of variables n = 2,748
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Table 2

Risk of hip and total nonvertebral fracture among older breast cancer survivors

Hip
fracture (%)

p value Total
fracture (%)

p value

Age 0.006 <.001

  65–69 0.7 4.9

  70–74 1.2 7.8

  75–79 2.1 10.2

  80+ 3.2 11.8

Race/ethnicity 0.424 0.296

  Non-Hispanic 1.5 8.1

    White

  Other 0.9 6.1

Body mass index 0.002 0.16

  <23.2 2.8 9.4

  ≥23.2 1.1 7.5

Prior fracture 0.169 <.001

  Yes 3.7 24.1

  No 1.4 7.6

Family history of fracture 0.363 0.43

  Yes 1.8 8.5

  No 1.3 7.6

Cytotoxic chemotherapy use 0.83 0.025

  Yes 1.6 10.4

  No 1.5 7.4

n = 2,748 except as noted in Table 2 footnote above
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Table 3

Adjusted association of hip and total nonvertebral fracture with (a) adjuvant hormonal therapy type and patient
characteristics and (b) adjuvant hormonal therapy type, patient characteristics, and bisphosphonate use

Hip fracture adjusted hazard ratio (95% CI) Total fracture adjusted hazard ratio (95% CI)

Hormonal therapy type

  Tamoxifen – – –

  Aromatase inhibitor 3.24 (1.05, 9.98) 3.19 (1.03, 9.83) 1.34 (0.92, 1.94) 1.32 (0.91, 1.91)

  None 3.32 (1.14, 9.65) 3.39 (1.16, 9.85) 1.07 (0.75, 1.54) 1.07 (0.75, 1.53)

Age (per 10-year interval) 2.63 (1.53, 4.53) 2.68 (1.55, 4.64) 1.83 (1.43, 2.36) 1.87 (1.45, 2.41)

BMI (lowest quartile) 2.16 (1.14, 4.10) 2.08 (1.09, 3.97) 1.14 (0.84, 1.56) 1.12 (0.82, 1.53)

Prior fracture –a 2.68 (1.55, 4.64) 3.59 (2.04, 6.31) 3.49 (1.98, 6.15)

Chemotherapy use –a –a 1.65 (1.17, 2.33) 1.64 (1.16, 2.32)

Bisphosphonate use – 1.27 (0.67, 2.41) – 1.36 (1.02, 1.81)

Among 2,526 subjects in model also adjusted for comorbidity

a
Prior fractures and chemotherapy were not associated with subsequent hip fracture and were not included in the hip fracture models
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