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OBJECTIVES: To examine the association between long-
term bisphosphonate use and fracture in older women at
high risk of fracture.

DESIGN: Retrospective cohort.

SETTING: Women’s Health Initiative.

PARTICIPANTS: Older women who reported at least
2 years of bisphosphonate use in 2008–09 (N = 5,120).

MEASUREMENTS: Exposure data were from a current
medications inventory. Outcomes (hip, clinical vertebral,
wrist or forearm, any clinical fracture) were ascertained
annually. Using multivariate Cox proportional hazards
models, the association between duration of bisphospho-
nate use (3–5, 6–9, 10–13 years) and fracture was esti-
mated, using 2 years as the referent group.

RESULTS: On average participants were 80 years old and
were followed for 3.7 � 1.2 years. There were 127 hip,
159 wrist or forearm, 235 clinical vertebral, and 1,313
clinical fractures. In multivariate-adjusted analysis, 10 to
13 years of bisphosphonate use was associated with higher
risk of any clinical fracture than 2 years of use (hazard
ratio (HR) = 1.29, 95% confidence interval (CI) = 1.07–
1.57). This association persisted in analyses limited to
women with a prior fracture (HR = 1.30, 95% CI = 1.01–
1.67) and women with no history of cancer (HR = 1.36,
95% CI = 1.10–1.68). The association of 10 to 13 years
of use, compared with 2 years of use, was not statistically
significant for hip (HR = 1.66, 95% CI = 0.81–3.40),

clinical vertebral (HR = 1.65, 95% CI = 0.99–2.76), or
wrist fracture (HR = 1.16, 95% CI = 0.67–2.00).

CONCLUSION: In older women at high risk of fracture,
10 to 13 years of bisphosphonate use was associated with
higher risk of any clinical fracture than 2 years of use.
These results add to concerns about the benefit of very
long-term bisphosphonate use. J Am Geriatr Soc 65:1924–
1931, 2017.
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Osteoporosis is a condition of low bone mineral den-
sity (BMD) and deterioration of the bone microarchi-

tecture, which increases susceptibility to fracture. Age is
the strongest risk factor for fracture, and one in two
women will experience an osteoporotic fracture after age
50.1,2 Low BMD increases risk of fracture, and by 2020,
an estimated 61 million U.S. adults will have low BMD.2

Bisphosphonates, the most-prescribed osteoporosis medica-
tion class,3,4 increase BMD by inhibiting bone resorption
in the bone remodeling process,5,6 but recent studies have
questioned the benefit of long-term bisphosphonate use.7–9

A 2011 Cochrane Collaboration review of all random-
ized controlled trials (RCTs) of alendronate, the most-pre-
scribed bisphosphonate, concluded that 1 to 4 years of
therapy may prevent nonvertebral fracture in women with
low BMD or a vertebral fracture before treatment but
probably does not prevent fractures in women without
those risk factors.8 Furthermore, a 2011 Food and Drug
Administration (FDA) review of all long-term RCTs of bis-
phosphonates, including the Fracture Intervention Trial
Long Term Extension (FLEX),10 found inconclusive evi-
dence that bisphosphonate therapy for longer than 3 to
5 years prevents fracture, regardless of initial BMD.7,9 The
lack of evidence of benefit from long-term bisphosphonate
use and evidence of harms, including atypical fracture, led
to a 2011 FDA recommendation that individuals be
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routinely evaluated for the appropriateness of continued
therapy during long-term use,8,11–14 but the small size of
the RCTs prevented the FDA review from examining long-
term bisphosphonate use in high-risk subgroups.7,9 In par-
ticular, the FDA review included only 334 women aged 70
and older who used bisphosphonates for longer than
5 years and lacked data on use for longer than 11 years.7

Thus, the FDA has called for more research on long-term
bisphosphonate use in subgroups.7

In 2008–09, more than 17,000 postmenopausal
Women’s Health Initiative (WHI) participants reported
current bisphosphonate use, with a wide range of duration
patterns. The objective of the present analysis was to com-
pare long-term bisphosphonate therapy with short-term
use in relation to fracture using data from the WHI in
older women at high risk of fracture.

METHODS

Study Population

The WHI is a large, longitudinal study of women’s health
begun in 1993 with the primary aim of developing strate-
gies to reduce incidence of heart disease, cancer, and frac-
tures in postmenopausal women. It includes an
observational study (N = 93,676) and RCTs (N = 68,132)
evaluating estrogen alone, estrogen plus progestin, dietary
modification, and calcium and vitamin D supplementation.
After the planned study end date in 2005, re-consent was
required for continued follow-up (n = 115,403). In 2008–
09, 97,448 participants completed a current medication
inventory administered by mailed questionnaire to all
active participants. The WHI study design and methods
are described elsewhere.15–18

In the subset of current oral bisphosphonate users
who reported use for 2 years or more at the 2008–09 med-
ication inventory, had follow-up data thereafter, and had a
5-year hip fracture risk of 1.5% or greater, the association
between longer duration of use (3–5, 6–9, 10–13 years)
and incident site-specific fracture (hip, wrist or forearm,
clinical vertebral) and with any clinical fracture was ana-
lyzed, using shorter duration of use (2 years) as the refer-
ence group. The study was limited to women who
reported at least 2 years of bisphosphonate use to include
women with persistent medication use. Two years was
chosen as the reference group because this duration of use
has been associated with lower fracture risk.7 Guidelines
recommend bisphosphonates as the preferred treatment for
women at high risk of fracture (10-year hip fracture risk
≥3%) based on Fracture Risk Assessment Tool (FRAX)
score.19–21 To select a high-risk study sample, women with
a predicted 5-year risk of hip fracture of 1.5% or greater,
which is comparable with the FRAX definition of high
fracture risk, were identified using a risk prediction algo-
rithm developed and validated in the WHI that includes
11 clinical factors (age, weight, height, history of fracture
after age 54, parental hip fracture, smoking, corticosteroid
use, race and ethnicity, self-reported health, self-reported
physical activity, treated diabetes mellitus).22 To reduce
confounding from other medications that affect bone
metabolism, women who ever reported use of calcitonin,
selective estrogen reuptake modulators, parathyroid

hormone, or aromatase inhibitors (n = 1,801) and women
who reported estrogen use within 5 years before the 2008–
09 medication inventory (n = 260) were excluded. Women
who discontinued and resumed bisphosphonate use before
the medication inventory were also excluded (n = 1,000).
After exclusions, 5,120 women were included in the pre-
sent analysis.

Exposure Ascertainment

Women self-reported duration of bisphosphonate use on
the mailed 2008–09 medication inventory form, which
instructed participants to gather all current medication
prescriptions and to use information from the prescription
labels.23 Participants wrote the drug name, strength, and
type (e.g., capsule, inhaler) and duration of use (<1 month,
1–12 months, number of years).

Covariates

Covariates were selected a priori based on literature review
to include factors associated with bisphosphonate use or
fracture risk. Participants self-reported age, race, education
level, fracture, physical function, general health rating (ex-
cellent, very good, good, fair, poor),24 severe memory
impairment (Alzheimer’s disease or dementia), recreational
physical activity, diabetes mellitus treated with injections or
medication, glucocorticoid use (≥3 months), parental hip
fracture, Parkinson’s disease diagnosis, alcohol use (≥3 serv-
ings/day), calcium supplement use, smoking status, and
rheumatoid arthritis diagnosis. To adjust for potential dif-
ferences in BMD between participants, the predicted risk of
hip fracture within 5 years was calculated from an 11-item
algorithm developed and validated in the WHI.22 The 5-
year hip fracture risk score was significantly correlated with
BMD in 10,418 WHI participants for whom both measures
were available.25 Body mass index (BMI (kg/m2)) was cal-
culated at clinical examinations at Years 0, 3, 6, and 9 for
RCT participants and Years 0 and 3 for observational study
participants. Information on other medications was col-
lected at Years 0, 3, 6, and 9 for RCT participants and
Years 0, 3, and 4 to 8 for observational study participants.
Cancer diagnosis was self-reported and then confirmed
according to medical record review.17 Physical function
score was calculated from the RAND 36-Item Health Sur-
vey, with higher scores indicating better physical function.26

Recreational physical activity was assessed according to
self-report on a validated study questionnaire27 and catego-
rized in metabolic equivalent hours per week.28 This analy-
sis used the most-recent values and measures collected at or
before the 2008–09 medication inventory.

Outcome Ascertainment

Outcomes of interest for this analysis were incident hip,
clinical vertebral, and wrist or forearm fracture and inci-
dent clinical fracture at any site. Outcomes were ascer-
tained according to self-report on annual forms that asked
women to report the first lifetime occurrence of site-speci-
fic fractures.17 The specific date of hip and femur fractures
was collected according to self-report for all participants
throughout follow-up and adjudicated according to
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medical record review for all participants through 2010,
for all participants in the hormone therapy RCT, and for
African-American and Hispanic participants after 2010
(20% of participants). For other fractures, the fracture
date was recorded as the completion date of the annual
form. The WHI definition of clinical fracture excludes
fractures of the finger, toe, jaw, nose, face, skull, rib, ster-
num, and cervical spine.

Statistical Analysis

Descriptive Analysis

The 5,120 bisphosphonate users included in the fracture
analysis were grouped according to duration of use (2, 3–
5, 6–9, 10–13 years) and compared using analysis of vari-
ance and the chi-square test.

Statistical Analysis of Fracture Incidence

Participants contributed follow-up time from the date of
the 2008–09 medication inventory until the occurrence of
fracture, death, loss to follow-up, or end of study follow-
up in 2013–14.12 The fracture incidence per 1,000 person-
years was calculated for each outcome type during follow-
up. Association between duration of bisphosphonate use
and fracture was estimated using multivariate Cox propor-
tional hazards survival models that compared 3 to 5, 6 to
9, and 10 to 13 years of bisphosphonate use with 2 years
of use (reference group). There was one model for each
site-specific fracture type (hip, wrist or forearm, clinical
vertebral fracture) and one model for any clinical fracture.
Models for site-specific incident fracture excluded women
who reported an incident fracture for that site before the
start of follow-up (n = 271 for hip, n = 1,177 for wrist or
forearm, n = 361 for clinical vertebral fracture). The mod-
els were adjusted a priori for age, race, education level,
BMI, physical function, general health rating, severe mem-
ory impairment diagnosis, recreational physical activity,
treated diabetes mellitus, glucocorticoid use, 5-year hip
fracture risk score, estrogen use within 6 to 10 years
before medication inventory, calcium supplement use, par-
ental hip fracture, Parkinson’s disease diagnosis, alcohol
use, smoking status, cancer diagnosis, and rheumatoid
arthritis diagnosis. All models were stratified according to
history of fracture after age 54. Subjects with missing
covariate data were excluded from multivariate models
(n = 150; 2.9% of subjects). All statistical tests were two-
tailed (a = 0.05) and performed in Stata version 13 (Stata
Corp., College Station, TX).

Additional Analyses

To create a more-homogeneous study sample, a sensitivity
analysis was performed limited to women with a history
of fracture after age 54 (n = 2,779). Because some cancers
and cancer treatments increase fracture risk,29 a sensitivity
analyses was conducted limited to women with no history
of cancer before the medication inventory (n = 4,369). To
examine the association between each additional year of
bisphosphonate use and fracture, bisphosphonate use was
modeled as a continuous variable (years of use) and the
results presented as the predicted hazard ratio associated

with a 5-year increase in duration of bisphosphonate use,
which is equivalent to the interquartile range of duration
of bisphosphonate use. All additional analyses were
adjusted for the same covariates as the primary analysis
and stratified according to history of fracture, except for
the analysis limited to women with a history of fracture.

RESULTS

Descriptive Characteristics

Characteristics of all 97,448 women who completed the
2008–09 medication inventory form are described in
Table S1. Of the 5,120 women in the analysis, 642 (13%)
had used bisphosphonates for 2 years, 1,746 (34%) for 3
to 5 years (average 4.1 � 0.9 years), 1,031 (20%) for 6 to
9 years (average 7.3 � 1.0 years), and 1,701 (33%) for 10
to 13 years (average 11.1 � 1.4 years) (Table 1). The
average age of all the groups was approximately 80 years,
and 97% were aged 70 and older. Having a college degree
or higher educational attainment was more common and
estrogen use within the 6 to 10 years before the 2008–09
medication inventory was least common in women with
longer duration of bisphosphonate use. In women with 6
to 9 or 10 to 13 years of bisphosphonate use, on average,
BMI was lower; diabetes mellitus was less common; and
physical function score, recreational physical activity, and
general health were higher than in women with 2 or 3 to
5 years of use. Other characteristics, including history of
fracture after age 54, did not significantly differ between
groups.

Fracture Outcomes

Women in the fracture analysis were followed for an
average of 3.7 � 1.2 years. During follow-up, there were
127 hip fractures, 159 wrist or forearm fractures, 235
clinical vertebral fractures, and 1,313 clinical fractures
(Table 2). The unadjusted fracture rate per 1,000 person-
years was highest for the group with 10 to 13 years of
bisphosphonate use for all fracture outcome types except
clinical vertebral fracture. Women with 2 years of bispho-
sphonate use had the lowest unadjusted fracture rate for
all fracture outcome types except for wrist or forearm
fracture.

In the primary multivariate-adjusted survival analysis,
10 to 13 years of bisphosphonate use was associated with
higher risk of any clinical fracture than 2 years of use
(hazard ratio (HR) = 1.29, 95% confidence interval
(CI) = 1.07–1.57). Although the associations for 10 to
13 years were not statistically significant for any site-speci-
fic fracture, the risk was greater for hip (HR = 1.66, 95%
CI = 0.81–3.40) and clinical vertebral fracture
(HR = 1.65, 95% CI = 0.99–2.76). There was no signifi-
cant association between 3 to 5 or 6 to 9 years of bisphos-
phonate use and fracture outcomes.

In sensitivity analyses limited to women with a history
of fracture after age 54 (HR = 1.30, 95% CI = 1.01–1.67;
Table 3) and to women with no history of cancer
(HR = 1.36, 95% CI = 1.10–1.68; Table 4), 10 to
13 years of bisphosphonate use remained associated with
greater risk of any clinical fracture. In the additional
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analysis that modeled bisphosphonate exposure as a con-
tinuous variable, a 5-year increase in bisphosphonate use
was associated with 15% greater risk of any clinical frac-
ture (95% CI = 1.07–1.25), 33% greater risk of hip frac-
ture (95% CI = 1.03–1.72), and 21% greater risk of
clinical vertebral fracture (95% CI = 1.00–1.47; Table 5).

DISCUSSION

This study examined the association between fracture risk
and bisphosphonate use in more high-risk, older, female
long-term bisphosphonate users than any previous study
and included 1,701 women who had used bisphosphonates
for 10 or more years. The multivariate-adjusted analysis
found that 10 to 13 years of bisphosphonate use was asso-
ciated with greater risk of any clinical fracture than
2 years of use. This association remained significant in sen-
sitivity analyses limited to women with a history of frac-
ture and to women without a history of cancer. The
associations for 10 to 13 years of use were not significant
for site-specific fractures, but the risk was greater for hip
and clinical vertebral fracture. In additional analyses mod-
eling bisphosphonate exposure as a continuous variable,
longer exposure was associated with greater risk of any

clinical fracture, hip fracture, and clinical vertebral frac-
ture.

These findings support previous studies that did not
find significantly lower overall fracture risk during long-
term bisphosphonate use than with shorter duration of
use.7,10,30–35 The 2011 FDA review of long-term bisphos-
phonate RCTs found similar fracture rates during short-
and long-term bisphosphonate use in women aged 70 and
older.7 Post hoc FLEX analysis found fewer clinical verte-
bral fractures but not fewer nonvertebral fractures with
10 years of alendronate use than with discontinuing after
5 years.10 An RCT of risedronate found no difference in
association between 6 and 7 years of bisphosphonate use
and fracture risk from 1 to 2 years of use.34 Another study
found no lower overall fracture risk with 8 years of use
than with less than 5 years of exposure.30

Observational study findings are mixed for the associ-
ation between hip fracture and long-term bisphosphonate
use.33,35,36 The current study and two of those studies
found no hip fracture benefit with longer bisphosphonate
exposure, whereas the third study found a benefit for 10
or more years of use.33,35,36 The inclusion of individuals
who had not used bisphosphonates long enough to achieve
benefit may explain the third study’s findings. These

Table 1. Characteristics of 5,120 Postmenopausal Women with a 5-Year Risk of Hip Fracture of 1.5% or Greater
Categorized According to Duration of Bisphosphonate Use at 2008–09 Medication Inventory

Characteristic

Years of Bisphosphonate Use at 2008–09 Medication Inventory

P-Value2, n = 642 3–5, n = 1,746 6–9, n = 1,031 10–13, n = 1,701

Bisphosphonate use, years, mean � SD 2.0 � 0 4.1 � 0.9 7.3 � 1.0 11.1 � 1.4
Age, mean � SD 79.6 � 5.1 79.6 � 5.0 79.4 � 5.0 79.9 � 4.9 .09
Aged ≥70, n (%) 617 (96.1) 1,686 (96.6) 997 (96.7) 1,664 (97.8) .07
White, n (%) 596 (92.8) 1,638 (93.8) 983 (95.3) 1,609 (94.6) .15
Education, n (%)
< High school diploma/GED 24 (3.7) 51 (2.9) 21 (2.0) 36 (2.1) .01
High school diploma/GED 109 (17.0) 199 (11.4) 163 (15.8) 263 (15.5)
School after high school 240 (37.4) 630 (36.1) 355 (34.4) 555 (32.6)
≥College degree 265 (41.3) 762 (43.6) 488 (47.3) 838 (49.3)

Prior fracture after age 54 year, n (%) 344 (53.6) 947 (54.2) 542 (52.6) 946 (55.6) .46
Parental hip fracture, n (%) 104 (16.2) 312 (17.9) 211 (2.5) 330 (19.4) .13
Rheumatoid arthritis diagnosis, n (%) 54 (8.4) 141 (8.1) 84 (8.1) 129 (7.6) .90
Glucocorticoid use for ≥3 months, n (%) 28 (4.4) 73 (4.2) 52 (5.0) 73 (4.3) .74
Alcohol ≥3 servings/d, n (%) 21 (3.3) 45 (2.6) 30 (2.9) 46 (2.7) .82
Current smoker, n (%) 32 (5.0) 83 (4.8) 45 (4.4) 61 (3.6) .29
Hip fracture risk score, mean � SDa 23.1 � 2.9 23.1 � 2.8 23.0 � 2.9 23.3 � 2.9 .06
Body mass index, kg/m2, mean � SD 26.7 � 4.8 26.1 � 5.0 25.3 � 4.5 25.2 � 4.5 <.001
Physical function score, mean � SD 67.4 � 26.2 70 � 25.2 72.6 � 23.7 71.8 � 23.8 <.001
Recreational physical activity, metabolic
equivalent h/wk, mean � SD

12.0 � 13.6 12.6 � 12.3 14.0 � 13.8 13.5 � 13.2 .003

General health rating, n (%)
Fair or poor 851 (13.2) 188 (10.8) 89 (8.6) 144 (8.5) .002
Good 255 (39.7) 735 (42.1) 372 (36.1) 622 (36.6)
Very good or excellent 302 (47.0) 823 (47.1) 570 (55.3) 935 (55.0)

Treated diabetes mellitus, n (%) 73 (11.4) 163 (9.3) 83 (8.1) 132 (7.8) .03
Severe memory impairment, n (%) 16 (2.5) 53 (3.0) 16 (1.6) 36 (2.1) .08
Estrogen use 6–10 year before, n (%) 324 (50.5) 874 (50.1) 510 (49.5) 757 (44.5) .003
Current calcium supplement use, n (%) 587 (91.4) 1,638 (93.8) 957 (92.8) 1,585 (93.2) .32
Cancer diagnosis, n (%) 92 (14.3) 258 (14.8) 141 (13.7) 260 (15.3) .71
Parkinson’s disease diagnosis, n (%) 4 (0.6) 18 (1.0) 11 (1.1) 16 (0.9) .80

a Risk score for hip fracture within 5 years calculated from an 11-item algorithm; a score of 23 equals a risk probability of 3.5%.

GED = general education development; SD = standard deviation.
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studies required only one bisphosphonate prescription for
study inclusion,33,35,36 although one of the studies also
excluded individuals with a femoral fracture within
3 months of the initial prescription, and another used a
test for trend to examine longer exposure.33,35 Participants
in one study with less than 1 year of exposure had the
highest fracture incidence, but when the reference group
was switched to 3 to 5 years of exposure, 10 or more
years of exposure was not beneficial.36 The current study
selected participants who had used bisphosphonates long
enough to achieve benefit by specifically requiring 2 years
of bisphosphonate use.

The contrast between the current findings and the
FLEX finding of benefit for clinical vertebral fracture risk
also deserves consideration.10 Bisphosphonate efficacy in
the population examined may differ from that in FLEX

participants, who were younger.10 RCTs are unlikely to
provide the information needed about fractures during
very long-term bisphosphonate use.37 Given the limited
evidence of fracture risk reduction, guidelines recommend-
ing up to 10 years of bisphosphonate treatment should be
reconsidered in light of observational study data, particu-
larly for elderly women.19

Biological changes in bone during long-term bisphos-
phonate use may explain the current study findings, includ-
ing oversuppression of the bone remodeling process, which
may damage bone.38–41 Suppression of bone remodeling
inhibits resorption of damaged bone, which may increase
bone heterogeneity and thereby increase bone brittleness.42

Reviews by the FDA and American Society of Bone and
Mineral Research concur that bisphosphonate use beyond

Table 2. Fracture Incidence in 5,120 Postmenopausal
Women with a 5-Year Risk of Hip Fracture of 1.5% or
Greater and Risk of Fracture According to Duration of
Bisphosphonate Use at 2008–09 Medication Inventory

Duration of

Bisphosphonate

Use, Years

Subjects,

n

Fractures

Adjusted

Hazard Ratio

(95%

Confidence

Interval)Na

Incidence

per 1,000

Person-

Years

Hip fracture

2 607 11 6.5 1.00
3–5 1,607 38 8.0 1.12 (0.53–2.34)
6–9 987 20 7.0 1.26 (0.56–2.81)
10–13 1,648 58 12.2 1.66 (0.81–3.40)

Wrist or forearm fracture

2 502 20 14.5 1.00
3–5 1,374 53 13.9 0.96 (0.55–1.66)
6–9 787 29 12.8 0.96 (0.53–1.75)
10–13 1,280 57 15.6 1.16 (0.67–2.00)

Clinical vertebral fracture

2 590 21 12.8 1.00
3–5 1,621 77 17.0 1.23 (0.73–2.06)
6–9 977 53 18.8 1.37 (0.80–2.37)
10–13 1,571 84 18.7 1.65 (0.99–2.76)

Any clinical fracture

2 642 141 86.1 1.00
3–5 1,746 419 92.1 1.04 (0.85–1.26)
6–9 1,031 254 92.2 1.04 (0.84–1.29)
10–13 1,701 499 112.2 1.29 (1.07–1.57)

Follow-up period is from completion date of medication inventory to end

of study in 2013–14. Estimates are from Cox proportional hazards models

adjusted for age, race, education level, body mass index, physical function

score, general health rating, recreational physical activity, treated diabetes

mellitus, severe memory impairment, glucocorticoid use for ≥3 months,

risk of hip fracture within 5 years calculated using Women’s Health Initia-

tive 11-item fracture risk algorithm, calcium supplement use, estrogen use

during the 6–10 years before medication inventory, parental hip fracture,

smoking status, Parkinson’s disease diagnosis, ≥3 servings per day of alco-

hol, rheumatoid arthritis diagnosis, and cancer diagnosis, stratified accord-

ing to history of fracture after age 54.
a Number of fractures during all follow-up years.

Table 3. Fracture Incidence in 2,779 Postmenopausal
Women with a History of Fracture After Age 54 and
Before the 2008–9 Medication Inventory and a 5-Year
Risk of Hip Fracture of 1.5% or Greater and Risk of
Fracture According to Duration of Bisphosphonate Use
at 2008–09 Medication Inventory

Duration of

Bisphosphonate

Use, Years

Subjects,

n

Fractures

Adjusted

Hazard Ratio

(95%

Confidence

Interval)Na

Incidence

per 1,000

Person-

Years

Hip fracture

2 309 8 9.2 1.00
3–5 871 23 9.4 0.65 (0.27–1.54)
6–9 498 11 7.5 0.64 (0.24–1.67)
10–13 893 32 12.4 0.88 (0.39–2.03)

Wrist or forearm fracture

2 213 14 23.6 1.00
3–5 624 26 15.5 0.72 (0.35–1.49)
6–9 341 14 14.2 0.72 (0.33–1.60)
10–13 575 32 19.6 0.99 (0.49–1.98)

Clinical vertebral fracture

2 292 13 16.0 1.00
3–5 822 50 22.1 1.22 (0.62–2.41)
6–9 488 35 24.9 1.62 (0.81–3.24)
10–13 816 47 20.3 1.47 (0.75–2.87)

Any clinical fracture

2 344 84 96.1 1.00
3–5 947 256 106.8 1.10 (0.85–1.43)
6–9 542 155 108.3 1.12 (0.85–1.47)
10–13 946 300 122.4 1.30 (1.01–1.67)

Follow-up period is from completion date of medication inventory to end

of study in 2013–14. Estimates are from Cox proportional hazards models

adjusted for age, race, education level, body mass index, physical function

score, general health rating, recreational physical activity, treated diabetes

mellitus, severe memory impairment, glucocorticoid use for ≥3 months,

risk of hip fracture within 5 years calculated using Women’s Health Initia-

tive 11-item fracture risk algorithm, calcium supplement use, estrogen use

during 6–10 years before medication inventory, parental hip fracture,

smoking status, Parkinson’s disease diagnosis, ≥3 servings per day of alco-

hol, rheumatoid arthritis diagnosis, and cancer diagnosis.
a Number of fractures during all follow-up years.
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3 to 5 years increases risk of rare atypical femur fractures,
with the rates of atypical fractures increasing from 1.78/
100,000 during 2 years of use to 113/100,000 during 8 to
9.9 years of use.7,43,44 Suppression of bone remodeling for
10 or more years may increase overall risk of fracture in
older women with high fracture risk.

Although the analysis adjusted for many participant
characteristics associated with fracture, long-term bisphos-
phonate users may have had other risk factors not
accounted for in the current analysis, such as lower BMD
at initiation of bisphosphonate treatment. To minimize
confounding by unmeasured characteristics such as BMD,
the analysis was restricted to bisphosphonate users with a
5-year hip fracture risk of 1.5% or greater using the WHI
fracture risk algorithm and adjusted for 5-year hip fracture

risk score, which significantly correlates with BMD and
fracture risk.22,25

The finding that hip and vertebral fracture risk
appeared to be high, whereas wrist or forearm fracture
risk was not, also warrants more investigation. The unique
etiology of site-specific incident fracture may explain dif-
ferences according to fracture site. Incident wrist or fore-
arm fracture, for instance, occurs at an earlier age on
average than hip or clinical vertebral fracture.45 The cur-
rent analysis examined only incident site-specific fracture;
before the start of follow-up, a greater percentage of
women in this analysis had had an incident wrist or fore-
arm fracture than had had a hip or clinical vertebral frac-
ture. Thus, more women were excluded from the site-
specific analysis for wrist or forearm fracture.

There were several additional limitations. Not all frac-
tures were confirmed according to medical record review,
although a validity study found good to excellent validity
of self-reported fracture in the WHI.46 Medication use was
self-reported, but a validity study of the 2008–09 medica-
tion inventory found near-perfect agreement between self-
report and pharmacy records for four chronically used
medications, including bisphosphonates.47 The current
study lacked information about bisphosphonate persistence
during follow-up. Additionally, the findings are not gener-
alizable to comparing long-term use with never initiating
bisphosphonates, because the reference group was short-
term use.

There are several strengths of this analysis. The large
sample included older long-term bisphosphonate users
(mean age 80) and women with up to 13 years of use.

Table 4. Fracture Incidence in 4,369 Postmenopausal
Women with No History of Cancer and a 5-Year Risk
of Hip Fracture of 1.5% or Greater and Risk of Frac-
ture According to Duration of Bisphosphonate Use at
2008–09 Medication Inventory

Duration of

Bisphosphonate

Use, Years

Subjects,

n

Fractures

Adjusted

Hazard Ratio

(95%

Confidence

Interval)Na

Incidence

per 1,000

Person-

Years

Hip fracture

2 519 9 6.2 1.00
3–5 1,424 30 7.4 1.26 (0.54–2.92)
6–9 850 19 7.7 1.60 (0.66–3.90)
10–13 1,398 50 12.3 2.06 (0.93–4.58)

Wrist or forearm fracture

2 432 16 13.5 1.00
3–5 1,170 46 14.0 1.00 (0.54–1.85)
6–9 680 25 12.8 1.13 (0.58–2.20)
10–13 1,092 49 15.6 1.28 (0.69–2.37)

Clinical vertebral fracture

2 507 18 12.8 1.00
3–5 1,375 61 15.7 1.27 (0.71–2.28)
6–9 846 44 17.9 1.53 (0.84–2.78)
10–13 1,336 65 16.9 1.68 (0.95–2.98)

Any clinical fracture

2 550 120 85.1 1.00
3–5 1,488 351 89.3 1.08 (0.87–1.34)
6–9 890 222 93.2 1.12 (0.89–1.41)
10–13 1,441 416 110.0 1.36 (1.10–1.68)

Follow-up period is from completion date of medication inventory to end

of study in 2013–14. Estimates are from Cox proportional hazards models

adjusted for age, race, education level, body mass index, physical function

score, general health rating, recreational physical activity, treated diabetes

mellitus, severe memory impairment, glucocorticoid use for ≥3 months,

risk of hip fracture within 5 years calculated using Women’s Health Initia-

tive 11-item fracture risk algorithm, calcium supplement use, estrogen use

during the 6–10 years before medication inventory, parental hip fracture,

smoking status, Parkinson’s disease diagnosis, ≥3 servings per day of alco-

hol, rheumatoid arthritis diagnosis, and cancer diagnosis, stratified accord-

ing to history of fracture after age 54.
a Number of fractures during all follow-up years.

Table 5. Fracture Incidence in 5,120 Postmenopausal
Women with a 5-Year Risk of Hip Fracture of 1.5% or
Greater and Risk of Fracture Associated with 5-Year
Increase in Bisphosphonate Use

Bisphosphonate

Use (5-Year

Increase)

Subjects,

n

Fractures

Adjusted

Hazard

Ratio (95%

Confidence

Interval)Na

Incidence

per 1,000

Person-

Years

Hip fracture 4,912 127 9.0 1.33 (1.03–1.72)
Wrist or forearm
fracture

3,943 159 14.3 1.14 (0.90–1.44)

Clinical vertebral
fracture

4,759 235 17.4 1.21 (1.00–1.47)

Any clinical
fracture

5,120 1,313 98.0 1.15 (1.07–1.25)

Five years is equivalent to the interquartile range. Follow-up period is

from completion date of medication inventory to end of study in 2013–
14. Estimates are from Cox proportional hazards models adjusted for age,

race, education level, body mass index, physical function score, general

health rating, recreational physical activity, treated diabetes mellitus, sev-

ere memory impairment, glucocorticoid use for ≥3 months, risk of hip

fracture within 5 years calculated using Women’s Health Initiative 11-item

fracture risk algorithm, calcium supplement use, estrogen use during the 6

–10 years before medication inventory, parental hip fracture, smoking sta-

tus, Parkinson’s disease diagnosis, ≥3 servings per day of alcohol, rheuma-

toid arthritis diagnosis, and cancer diagnosis, stratified according to

history of fracture after age 54.
a Number of fractures during all follow-up years.
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Although the study lacked BMD data, the analysis adjusted
for 5-year hip fracture risk score, which is correlated with
BMD.22,25 Additionally, the analysis adjusted for many par-
ticipant characteristics predictive of fracture risk, and char-
acteristics were similar across exposure groups.

CONCLUSIONS

In older women with high fracture risk, 10 to 13 years of
bisphosphonate use was associated with higher risk of any
clinical fracture than 2 years of use; 3 to 5 and 6 to
9 years of use were not associated with fracture risk.
Longer exposure was associated with site-specific fracture
risk when bisphosphonate exposure was modeled as a con-
tinuous variable but not when it was modeled as a cate-
gorical variable. These findings add to concerns about the
safety of long-term bisphosphonate use. Confirmatory
studies are needed to inform guidelines for the optimal
duration of bisphosphonate use.
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medication inventory and by 5-year hip fracture risk.
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