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Abstract
Summary The comparative effectiveness of alendronate and
risedronate has received limited evaluation. Among 19,063
new users of bisphosphonates, risedronate users had a
higher relative rate of hip fracture compared to alendronate
users, but the difference in absolute fracture rate was small.
We conclude that the agents have comparable efficacy.
Introduction Bisphosphonates differ in their in vitro potency,
avidity for bone, and rapidity of onset in clinical trials. To
address potential differences between bisphosphonates in
comparative effectiveness, we compared new users of
alendronate and risedronate to determine if there were
differences in the risk of clinical fractures at 1 year and
beyond.
Methods Using claims data from a U.S. health care
organization, we identified new, adherent users of weekly
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alendronate or risedronate and assessed subsequent fractures. We calculated fracture incidence rate differences and
ratios between the two agents.
Results There were no significant differences in fracture
rates between alendronate users (n=12,956) and risedronate
users (n=6,107) at 1 year. Using all available data, the rate
of hip fracture was higher among risedronate users
compared to alendronate users (absolute rate difference
approximately five per 1,000 person-years). Risedronate
users had a higher relative rate (RR) of hip fracture (RR=
1.77, 95% CI 1.15–2.74) and similar rates of clinical
vertebral and nonvertebral fractures compared to alendronate users.
Conclusions The absolute rate of clinical fractures among
alendronate and risedronate users was similar both at 1 year
and beyond, suggesting comparable effectiveness between
agents.
Keywords Alendronate . Bisphosphonate . Fracture .
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Introduction
In the clinical trials that led to approval by the U.S. Food
and Drug Administration, both alendronate and risedronate
reduced the risk for clinical vertebral and nonvertebral
fractures including hip fractures [1–5]. A head-to-head
study of weekly alendronate and risedronate users showed
that alendronate users had greater increases in bone mineral
density (BMD) and more suppression of bone turnover
markers, but there were no significant differences in the risk
of fracture [6]. Indeed, the sample size and length of
follow-up requirements of conducting a head-to-head
bisphosphonate trial adequately powered to detect differ-
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ences in the rate of nonvertebral fractures would lead to a
very sizable logistic and financial burden for such a study.
Despite these challenges, there is great interest in determining
if there are potential differences between bisphosphonates
in their ability to reduce fracture risk.
Two biologic factors that may be relevant in considering
differences between bisphosphonates include their ability to
bind tightly to hydroxyapetite in bone, and their ability to
inhibit the farnesyl pyrophosphonate synthase (FPPS)
enzyme [7–9], the putative target for bisphosphonate
activity. Compared to the first approved oral bisphosphonate alendronate, risedronate has been shown to bind with
less avidity but demonstrates greater inhibition of FPPS.
Thus, it has been hypothesized that risedronate may be able
to act more quickly to reduce fractures compared to
alendronate. A recent observational study of 33,830 persons
initiating weekly alendronate or risedronate demonstrated
that compared to alendronate, the risedronate users
achieved a significantly greater risk reduction of hip and
nonvertebral fractures at 1 year compared to alendronate
users [10].
We sought to use similar methods in a different
population base to determine if there were differences in
the rate of clinical fractures between weekly risedronate and
weekly alendronate users. Our analysis extended to 3 years
and beyond to determine potential differences in fracture
rates between agents later in time.

Materials and methods
Data source and eligible population
We used the administrative claims databases of a large
commercial health care organization covering more than
20 million lives in seven U.S. census regions. We identified
women with medical and pharmacy benefits filling new
prescriptions for weekly alendronate or risedronate from
October 2000 to June 2005. Individuals with malignancy,
HIV disease, and Paget’s disease of bone were excluded.
New bisphosphonate (BP) users were defined as those
persons initiating therapy after at least a 6-month period
without any BP prescription. The date of the first filled BP
prescription after this 6-month period was defined as the
“index date.” Baseline demographic characteristics, comorbidities, and health service utilization were examined in the
6 months prior to the index date, stratified by which drug
they initiated. We restricted the population to women at
least 65 years old, since this was the target age group
evaluated in the large bisphosphonate trials. We excluded
women initiating the 35 mg/week alendronate dose used for
prevention (9.9% of the original cohort), since we expected
that this might denote women with less severe osteoporosis

who would not be comparable to standard dose risedronate
users.
Adherence with bisphosphonates and drug exposure time
Observation time began at the index date. Adherence with
BPs was evaluated by examining gaps between prescriptions, and nonadherence was defined by more than a 15-day
gap after the end of one prescription before the next
prescription was filled. Observation time was censored at
the first time of nonadherence, the fill date of a non-BP
osteoporosis medication known to impact bone turnover
(i.e., teriparatide, raloxifene, and calcitonin), disenrollment
from the health plan, or the end of the study period.
Switching BPs also censored observation time.
Outcome assessment
The first occurrence of a fracture was the primary endpoint
of the study. Similar to groupings used in BP clinical trials,
fracture types were classified as hip, wrist/forearm, clinical
vertebral, any nonvertebral (including hip, wrist/forearm,
humerus, clavicle, pelvis, and leg), and nonhip, nonvertebral. Fractures were identified using International Classification of Diseases (ICD-9) codes and were required to
appear on an evaluation and management (E/M) claim from
a physician (as opposed to a claim from a diagnostic test or
other procedure, which may represent a “rule out”
diagnosis). Individuals who had a fracture in the 180-days
prior to first BP use were excluded from being at-risk for a
fracture of that same type after the index date to avoid
misclassifying follow-up visits for a recent fracture as an
incident one. However, these individuals were not excluded
from being at-risk for fractures of different types; for
example, a hip fracture prior to the index date would
exclude that individual from being at risk for another hip
fracture but not a wrist fracture.
Statistical analysis
We examined and compared the absolute incidence rates and
incidence rate differences of hip, clinical vertebral, and
nonvertebral fractures between new alendronate and risedronate users. We used Cox proportional hazard models to
evaluate the crude and adjusted relationship between use of
risedronate versus alendronate (the independent variable) and
time to fracture (the dependent variable). Hazard ratios were
computed as estimates of incidence rate ratios. Factors used to
screen variables to be included in the Cox regressions were all
those that were significant at p<0.20 in bivariate analyses.
Those that remained independently significant at p<0.05 and
variables of high clinical interest were included in the final
models. Kaplan–Meier curves graphically illustrated the
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differences in cumulative fracture incidence between users of
each of the two medications and were compared using
Wilcoxon tests.
Absolute fracture rates and rate differences were used to
estimate a 1-year cumulative fracture incidence and
compute cumulative incidence differences with the associated number needed to treat (NNT). The NNT represents
the number of persons that would need to be treated with
alendronate (rather than risedronate) for 1 year to prevent
one fracture of that type. As part of a sensitivity analysis,
we truncated observation time at 1 year to determine if
fracture rates differed between agents in the first year after
initiating therapy. All analyses were performed using SAS
9.1 (SAS Institute, NC, USA).

Results
The demographic characteristics, comorbidities, and health
services utilization of the 19,063 women initiating weekly
alendronate or risedronate are shown in Table 1. There were
some differences in the demographics and other characteristics between users of the two agents with respect to age,
comorbidities, prior medications, and health service utilization. Although some of these imbalances were statistically significant, the numeric differences were small.
Figure 1 shows the fracture-free survival curves for hip
fracture, stratified by medication use. Despite a difference
that was statistically significant (p=0.03) and indicated a
lower fracture rate among alendronate users, the survival

Table 1 Demographic characteristics, comorbidities, and health services utilizationa of women initiating weekly alendronate or risedronate and
adherentb

Demographics
Age
65–74
≥75
Prior fracture
Hip
Wrist/forearm
Clinical vertebral
Nonhip, nonvertebral
Any nonvertebral
Osteoporosis diagnosis
Other selected comorbidities
Diabetes
Rheumatoid arthritis
Hyperlipidemia
Tobacco abuse
Hyperthyroidism
Charlson comorbidity index, mean±SDc
Prior use of selected medications
Systemic estrogen
Teriparatide
Raloxifene
Nasal calcitonin
Systemic glucocorticoids
Health services utilizationa
Outpatient visits, mean±SD
Any hospitalization
Bone mineral density test
Other screening tests
Mammography
Colonoscopy
Fecal occult blood test
Flexible sigmoidscopy

Alendronate (n=12,956) N (%)

Risedronate (n=6,107) N (%)

P value

7,488 (57.8)
5,468 (42.2)

3,287 (53.8)
2,820 (46.2)

259 (2.0)
201 (1.6)
333 (2.6)
486 (3.8)
619 (4.8)
5,635 (43.5)

133 (2.2)
73 (1.2)
172 (2.8)
221 (3.6)
294 (4.8)
2,623 (43.0)

0.42
0.05
0.29
0.65
0.91
0.48

1,305 (10.1)
386 (3.0)
4,040 (31.2)
71 (0.6)
155 (1.2)
0.64±1.2

701 (11.5)
179 (2.9)
1,948 (31.9)
49 (0.8)
72 (1.2)
0.70±1.3

0.003
0.55
0.32
0.04
0.92
0.002

1,622 (12.5)
4 (0.0)
328 (2.5)
363 (2.8)
1,110 (8.6)

752 (12.3)
5 (0.1)
160 (2.6)
166 (2.7)
589 (9.6)

0.69
0.13
0.72
0.74
0.01

3.5±3.1
1,049 (8.1)
5,904 (45.6)

3.7±3.3
533 (8.7)
3,108 (50.9)

0.0003
0.14
<0.0001

3,460 (26.7)
610 (4.7)
1,794 (13.9)
63 (0.5)

1,748 (28.6)
300 (4.9)
776 (12.7)
24 (0.4)

0.01
0.54
0.03
0.37

<0.0001

The chi-square test was used to compare categorical variables and t-tests for continuous variables
a
All factors assessed in the 6 months prior to first bisphosphonate use
b
Defined as having no more than a 15-day gap after the end of one prescription until the next prescription was filled
c
The Charlson comorbidity index is an aggregate sum of predefined medical comorbidities, from [16]

Number needed to treat indicates the number of persons that would need to be treated with alendronate, rather than risedronate, for 1 year to preferentially prevent one fracture of that type
Adjusted for age (as a continuous variable), number of outpatient visits, Charlson comorbidity index, use of screening tests including BMD, prior fracture, and use of prior estrogen,
glucocorticoids, and non-bisphosphonate osteoporosis medications (used before initiating bisphosphonate therapy)
b

a

0.01
0.64
0.20
1.77 (1.15 – 2.74)
1.12 (0.70 – 1.79)
1.19 (0.91–1.56)
1.99 (1.29 – 3.06)
1.18 (0.74 – 1.87)
1.25 (0.96–1.63)
1.0
1.0
1.0
180
667
214
5.5
1.5
4.7
38 (11.1)
27 (7.9)
83 (24.3)
47 (5.5)
54 (6.4)
165 (19.6)
Fracture type
Hip
Clinical vertebral
Nonvertebral

Risedronate

Incidence Difference

Number
Needed to Treata

Risedronate
Alendronate
Alendronate

In this observational study of 19,063 women initiating
weekly or risedronate therapy, we observed that absolute
rates of hip, clinical vertebral, and nonvertebral fractures
were very similar between the two agents, with a lesser rate
of hip fracture among persons taking alendronate. Although
the adjusted rate of hip fractures was 77% greater among
the risedronate users compared to the alendronate users, the
survival curve in Fig. 1 illustrates that the alendronate and
risedronate curves were almost superimposed, which
illustrates the fact that the absolute difference in fracture
rate between users of the two agents was small (approximately five fractures per 1,000 person-years). Additionally,

Crude and adjusted hazard ratios

Conclusions

Table 2 Fracture rates for users of alendronate or risedronate

curves were nearly superimposed. Substantial attrition in
both cohorts occurred, predominantly due to the censoring
of patients for nonadherence. Only approximately 22% and
3% of the original cohort remained at 1 and 3 years after
the start of follow-up, respectively.
Table 2 shows the absolute incidence of fractures among
users of alendronate and risedronate. The absolute rate
differences between users of the two agents were small
(approximately five per 1,000 person years for both hip and
nonvertebral fractures). Applying these rates to obtain
cumulative fracture incidence after 1 year of treatment,
the number that would need to be treated (NNT) for 1 year
with alendronate compared to risedronate to prevent one
hip or nonvertebral fracture was approximately 200 people.
Our results were similar in a sensitivity analysis that
truncated observation time at 1 year. The crude relative rate of
hip fracture among risedronate users was 1.74 (1.08–2.81),
which was not statistically significant after multivariable
adjustment (HR=1.55, 95% CI 0.96–2.51). There were no
significant differences between these two agents at 1 year in
the rates for clinical vertebral or all nonvertebral fractures.

N (absolute fracture incidence per 1,000 person years)

Fig. 1 Hip fracture-free survival curves comparing persons treated with
risedronate (dotted) or alendronate (solid) Wilcoxon p value=0.03

Crude

Adjustedb

P value of adjusted result
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our primary results were consistent with results from our
sensitivity analysis that examined only the first year on
therapy. Collectively, our data do not support an earlier
nonvertebral fracture risk reduction by risedronate.
Despite a similar approach to the rigorous methods used
in the study by Silverman et al. [10], we were unable to
replicate that study’s findings that showed an earlier onset
of action of risedronate compared to alendronate in one
year fracture risk. They demonstrated a cumulative incidence of hip fracture of approximately 0.5% at 1 year,
which is similar to our hip fracture rate of 5.5 per 1000
person years in Table 2. However, they found an early and
statistically significant benefit for risedronate compared to
alendronate that we did not identify. Although the reasons
for the discordance in their results and ours are unknown,
our findings are consistent with data showing greater
suppression of bone turnover and greater increases in
BMD at 2 years in a randomized, placebo-controlled trial
of 1053 women (mean age 65 years) [6]. This may account
for our finding that the relative rate of hip fractures was
lower among the alendronate users compared to the
risedronate users. Moreover, with respect to the timing of
the onset of action, another study showed a rapid and
substantial suppression of bone turnover markers among
alendronate patients as early as 12 weeks after initiating
therapy [11]. These reductions in bone resorption markers
at 12 weeks were similar to the nadir reached at 1 year with
continued use of alendronate [12].
The strengths of our study include evaluation of a large
number of community-based persons initiating weekly
bisphosphonate therapy. We were able to examine incidence rates and rate ratios of fractures using data from 1
and 3 years of observation and beyond, which allowed us to
examine potential differences in the timing of fracture risk
reduction related to the possible differential onset of action
of the respective drugs. One potential limitation of our
study is that we lacked medical record validation to confirm
fractures. Particularly for spine fractures, misclassification
of incident clinical vertebral fractures may be significant
[13]. Any potential misclassification would not be expected
to differ between alendronate and risedronate users and
most likely would bias our results toward the null
hypothesis. Additionally, pharmacy claims data does not
reflect actual medication taking behavior, and misclassification of exposure could bias the estimated rate ratios
toward the null. However, we have previously shown high
agreement between pharmacy data and actual medication
taking behavior for bisphosphonates [14]. Finally, we
intentionally selected only those patients that were highly
adherent patients in order to simulate a clinical trial.
Although adherence with bisphosphonates is suboptimal
overall [15], and maximizing medication adherence is
critical to achieving optimal fracture protection, our

exclusion of nonadherent patients has no impact on the
internal validity of our results.
In summary, the RisedronatE and ALendronate Investigation over Three Years (REALITY) showed similar
absolute rates of fracture between new users of the both
agents. Modest differences in the relative rate of hip fracture
that favored alendronate users may be of small clinical
importance. Moreover, we found no early significant fracture
risk reduction associated with either agent compared to the
other. We conclude that the reduction in fracture rates is
largely similar between users of these two medications.
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