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ABSTRACT. We reviewed evidence on endpoints used in osteoporosis clinical trials to assist in the development
of a set of endpoints to be included in all trials. A MEDLINE search was conducted using the { OB
Cochrane Collaboration strategy for each endpoint, Additional published literature was obtained The
from content experts. A proposed list of endpoints was developed afier consultation with experts in WOl
the field. Each endpoint was evaluated with respect 1o validity, reproducibility, redundancy, and fea- I crit
sibility. We classified the endpoints into 2 major categories: clinical health status outcomes and inter- | bas
mediate endpoints, and for each endpoint we present current evidence from the literature as pestains crit
10 defined methodologic criteria. Multiple endpoints have been used in osteoporosis clinical tnals,
and an agreement on a core set of measures needs to be evidence based with an emphasis on valid- Clir
ity, reproducibsility, and feasibility and to satisfy clinical credibility. (/ Rhewmatof 1997;24:1222-9) T
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Clinical trials are a key source of knowledge about the effi- es the likelihood of a Type 1 error at conventional levels of | fran
cacy of interventions to prevent and treat the clinical conse- statistical significance. Third, the absence of preset core gy
quences of osteoporosis. In clinical trials of patients with endpoints allows the selection and reporting of only those | ther
osleoporosis, the endpoints measured vary from single mea- endpoints that report impressive results. Fourth, endpoints ¢ oun
sures (usually bone density) to assessing multiple types of with poor responsiveness (o change (e.g., a poorly designed app
endpoints. scale or set of questions regarding quality of life) may miss exte
Why is reliance on different sets of outcomes a problem? clinically important true benefits and risks. Fifth, the | by
First, given the many different interventions available and Cochrane Collaboration is committed to summarizing the |  Qsu
under development, it is unlikely that the different therapies evidence for interventions in major conditions, including diffi
will all be directly compared “head-to-head” within the osteoporosis, for use by clinicians and policy makers. inte
same study; the use of dissimilar outcome measures to Metaanalyses are not possible without similarities in the §  exm
assess different interventions in different trials makes it dif- assessment and reporting of the clinically impornant end- {  pre
ficult, if not impossible, to judge therapies against a com- points. pati
mon standard. Second, assessing multiple outcomes increas- We outline the data available on candidate variables for prol
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that subsequent drugs in the same class should only be
required to show improvement in appropriate intermediate
endpoints such as bone mineral density (BMD).

We review the published evidence on the endpoints most
commonly used in trials, which was used as supporting doc-
umentation for the discussions in these proceedings.

OBJECTIVES

The objective is to propose a set of endpoint measures that
would be included in all trials. These need to meet 2 major
criteria, namely, be clinically credible, and be evidence
based, in that they should satisfy designated methodologic
criteria.

Clinical credibility within a conceptual framework

The same model was used elsewhere in these proceedings
for both osteoporosis and osteoarthritis; in the osteoarthritis
background paper', Bellamy proposes that the selection of
candidate variables be placed in the context of a conceptual
framework that begins with the underlying cellular patholo-
gy and extends through to the clinical manifestations, and
thence to the World Health Organization classification of
outcomes (i.e., impairment, disability, handicap). The
appropriate outcomes in clinical trials will depend 1o some
extent at least upon the stage of the disease process defined
by the inclusion criteria, The European Foundation for
Osteoporosis and the Bone Guideline Group have argued for
different endpoints for each of 3 groups: (1) Prevention:
intervention in people with normal skeleton status, for
example, regimens that modulate peak bone mass and its
preservation; (2) treatment of osteopenia: intervention in
patients with osteopenia but without fractures 10 reduce the
probability of future fractures; and (3) treatment of estab-
lished osteoporosis in patients with one or more fragility
fractures to reduce the probability of future fractures. The
concern with this classification is that the distinction
between normal skeleton status and osteopenia is not
clearcut, with bone density being a continuous variable,
decreasing levels of which are assoctated with progressive
increases in risk of clinical fractures; in addition different
individuals are classified as osteopenic using different mea-
surement techniques. A simpler classification would be (1)
primary: treatment to prevent clinical fractures in individu-
als who have not had a previous clinical fracture {keeping in
mind that primary prevention may also refer to calcium sup-
plementation in early adulthood); and (2) secondary: treat-
ment to prevent further clinical fractures in individuals who
have sustained at least one fracture.

Other aspects that may influence the selection of a core
set include whether the intervention works primarily upon
trabecular or cortical bone mass; similarly, whether the
intervention works on nonosseous factors such as neuro-
muscular coordination to reduce falls.

Methodologic criteria

A key feature of the OMERACT process is that the selection
of clinical trial endpoints be “dma driven,” or evidence
based. We propose using a modification of the same
methodologic framework published by Tugwell and
Bombardier®, used to define the methodologic criteria for
acceptability of endpoints for the preliminary core set in
theumnatoid arthritis®, These are:

(1) Each of 4 types of Validity:

(a) Fuce: Are the outcomes clinically credible and the
results easily understood by clinicians, policy makers, and
patients/public?

(b) Content: Do the endpoints cover the multiple
domains of improvement in osteoporosis: death, anatom-
ic/morphometric evidence of osteoporosis (e.g., radiograph-
ic evidence of fracture, BMD, histology), physical disabili-
ty, psychosocial function, symptoms (e.g., pain), and quali-
ty of life?

(c) Criterion: We chose 3 gold standards, death, physical
disability, and radiological evidence of fracture; to have cri-
terion validity, an outcome measure should correlate or pre-
dict one or more of these.

(d) Discriminant (Sensitivity-to-Change): Do the end-
points detect the smallest clinically important improvement?

The evaluation consisted of a structured review of the [it-
erature on the validity of the measures.

(2) Reproducibility: in ideal circurnstances and in usual clin-
ical practice situations.

(3) Redundancy: where one measure duplicated other(s).
(4) Feasibility: availability at sites where clinical trials are
conducted.

To consider all studies addressing the validity of osteo-
porosis endpoint measures, we conducted a MEDLINE
search using the Cochrane Collaboration strategy and bibli-
ographic reviews, and sought additional sources from
experts in the field. Additional analyses were conducted
where there was insufficient published evidence.

REVIEW OF INDIVIDUAL ENDPOINTS
We have classified the endpoints into 2 major categories:
namely, true clinical health status outcomes, where these
directly assess the symptoms and the health related physical,
emotional, and social quality of life of the individual; and
intermediate endpoints, where these assess the disease
process that is believed to result in the subsequent clinical
health status outcomes. These may vary depending upon
the perceived mechanism of the intervention, for example,
whether it works primarily upon trabecular or cortical
bone mass; also, different intermediate endpoints might
well be chosen if the intervention works on nonosseous

factors such as neuromuscular coordination to reduce
fails.

The commonly included endpoints are reviewed below.
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True clinical health status outcomes

Clinical fractures. Although all agree that clinical fractures
and their sequelae are the outcomes that matter, there is con-
cern that some vertebral deformities may not produce symp-
toms besides height loss and some mild radiographic “defor-
mities” might not be true fractures. Thus, an argument can
be made that the endpoint of clinical fracture should require
that there be both radiological evidence meetirg the requi-
site criteria as described below plus documented new onset
of pain in the region affected.

A number of studies have included both vertebral and
peripheral fractures as outcome measures*!'; however, none
of these studies defined vertebral fracture as a clinical out-
corme, except for the recent Fracture Intervention Trial'®. In
this trial clinical fractures were categorized: all clinical frac-
tures, non-spine clinical tractures, hip fractures, wrist frac-
tures, and clinical vertebral fractures. Fractures due to
excessive trauma (defined as trauma sufficient to cause a
fracture in young individuals with normal bone mass) were
excluded'?,

(a) Radiographic evidence of Iracture: Although vertebral
fractures are a common outcome, there has been a lack of
agreement on how to define a vertebral fracture.
Unfortunately, a gold standard for vertebral fracture does
not exist. The radiographic detection of a vertebral fracture
in clinical practice is subject to variability in interpretation
and hence routine variability in the reported fracture rate.

More recently, there has been interest in the assessment
of 2 techniques, semiquantitative and quantitative {or mor-
phometry), for the determination of prevalent and incident
fractures'-*,

Semiquantitative assessments are performed by a trained
radiologist, who grades the extent of each fracture (T4-L4)
using mutually exclusive categories; for example, Grade 0 =
normal vertebral shape; Grade 1 = 20-25% reduction of
anterior height (H ); Grade 2 = 25-40% reduction of H ;
Grade 3 = > 40% reduction of H_. This technique has the
advantage that anatomical variants and artifacts on radi-
ographs can be detected by the reader. Intra and interob-
server variability is a problem that can be minimized by
training.

Quantitative morphomeiry looks at deformity (alteration
in vertebral shape) and is performed using a lateral spine
radiograph, with the placement of 6 points defining the ante-
rior, middle, and posterior margins of the midplane of the
vertebral bodies. It is recommended to measure the dimen-
sions by recording points with a cursor on a computerized
digitizing board. Vertebrae from T4 to L4 are measured.
Different morphometric criteria have been outlined'™ '* and
compared in a study by Black, er al and Jones, er a4,

Fracture definitions are based on comparison with nor-
mal values of means and standard deviations (SD) for each
vertebral level derived from the same measurement proto-
col. It has been suggested that prevalent vertebral fractures

be defined on the basis of a reduction of 3 SD or more Irom
normal mean ratios of dimensions for the corresponding
vi rtebrae. Morphometry is reproducible (between 7 and 9%
for vertebral heights); however, the accuracy of this method
is limited by technique and geometric distortion. Some
“fractures” will be artifacts. Also, if criteria to define a frac-
ture are too stringent, this would reduce the false positive
rate and compromise sensitivity.

Wu, et al"! recently published a comparison of semi-
quantitative and quantitative techniques, and found that
while quantitative morphomelry was a reasonable approach
for the diagnosis of prevalent fractures, the 2 methods do not
always agree. This was largely attributed to the differences
in baseline and followup films.

There has been little information on the best method for
defining incident vertebral fractures. A change in vertebral
height could represent a measurement error. A standardized
protocol is increasingly being employed for both semiquan-
titative and quantitative (morphometric) assessment of verie-
bral fractures, with written protocols devised. Without this, it
will be difficult to compare this endpoint in clinical trials.
(b) Pain: In up to 35% of patients, incident nontraumatic
vertebral fractures will be asymptomatic®, Recording
episodes of acute back pain without radiographic documen-
tation of new spine fracture can both overestimate and
underestimate the occurrence of vertebral fractures. Chronic
pain is a feature of vertebral fractures and assessment ol
pain can be a vwseful endpoint, especially in rehabilitation
programs or trials assessing medications, such as calcitonin,
designed to reduce pain. Nonvertebral fractures, such as
those of the wrist, generally cause self-limited pain but can
also result in chronic pain.

The general literature on pain measurement is extensive.
In osteoporosis, assessment of pain in clinical trials has been
based on pain rating scales: 5 point Likert*' or visual analog
scales (VAS)™2%, These are popular due to their simplicity
and ease of administration®. Because it is important that
perceived pain be quantified, pain scales should be complet-
ed by the patient. In a cohort study by Ettinger-*-", both
VAS and a 24 item checklist*” to elicit back related disabil-
ities were utilized.

Complex pain questionnaires, such as the McGill Pain
Questionnaire, or variations on basic scales, such as pain
related behaviors, have not been used in clinical trials.
Diaries for pain medication or pill counts can be kept to
assess individuals’ level of pain.

Ryan, et al have shown that higher pain and disability
scores are found with more severe disease in osteoporotic
patients, especially in association with vertebral deforma-
tions from T8 to T12%'. Pain is an important outcome to ade-
quately assess in clinical trials, particularly those that
involve patients with pre-existing vertebral deformities. It
may, however, be difficult to relate pain to fractures in some
patients.
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Health status instriments. A major result of many clinical
fractures is a negative effect upon the health related quality
of life — this is reflected in physical disability and psy-
chosocial dysfunction. Patients, clinicians, and policymak-
ers need information on both the risk and magnitude of short
and longterm disability resulting from osteoporotic frac-
tures, and the effect of therapy upon quality of life, if they
are (0 make informed decisions. Most areas of medicine
now require that quality of life instruments be included in
clinical trials.

There are 4 major types of disability and quality of life

| assessments: (a) Performance measures; These assess the

degree of disability when carrying out observed movements.
(b) Self-report disease specific questionnaires: These focus
upon activities known to be affected by osteoporotic related
fractures. (c) Self-report generic questionnaires: These are

| general questionnaires covering a broad range of activities
| designed to reflect disability and psychosocial dysfunction

across ali types of disease, (d) Patient preference/utility
scales: These involve asking the patient to take into account
all the benefits, as well as the side effects, inconvenience,
and costs and then estimate the amount they improved or
deteriorated within the continuum between perfect health
\and death.
(4) Performance based measures: Although a variety of per-
formance based measures have been included in many
osteoporosis studies, they have been less widely used as
endpoints than as predictors for future fractures?®2,
Measures include: (i) Functional reach (difference between
patient’s arm length and maximal forward reach), ability to
stand from a chair, mobility skills, timed tests of gait, and
other tests of balance such as the “up and £o test”, (i)
Performance based measures of functioning have been
shown to be valid and relizble measures of function in a
nondisabled older population®'32, These measures include:
balance, gait, lower exiremity strength, upper extremity
strength, hand performance, and lower extremity co-ordina-
lion3132,

It is not clear how fractures may affect performance of
these various tests. If selected for inclusion as important

\endpoints, these measures would need to show responsive-
ness to reductions in fracture rates in large osteoporosis clin-

ical trials.

ib) Self-report disease specific measures: Several instru-
ments have been developed specifically to assess the dis-
inbility in patients with established osteoporosis and sympto-
matic vertebral fractures, These instruments have been
|l!eveloped to assess domains such as fear of falling, inde-
pendence, back pain, and self-image. Osteoporosis differs

tom other diseases such as rheumatoid arthritis and
usteoarthritis in that the majority of patients are asympto-
]m.ltiC. These instruments are in various stages of validation
and include (i) Osteoporosis Functional Disability Question-
taire, (it) Osteoporosis Quality of Life Questionnaire,

(iii) Osteoporosis Assessme
Quality of Life Questionnaire
for Osteoporosis,

(i) The Osteoporosis Functional Disab
is.a self-administered, disease specific health status measure
with 5 separate domains. It deals with the current degree of
back pain, contains a 20 item depression scale, CES-D, a 26
item list of activities of daily living, and assesses the current
involvement in recreational and social activities, It has been
validated through an exercise program, but not in a random-
ized clinical trial. Reproducibility, test-retest and internal
consistency have been established. Criterion validity and
sensitivity to change were proven. Correlation between ver-
tebral fracture severity and quality of life was present.
Further validation of this instrument in pharmacologic trials
and longitudinal studies would be beneficial,

(i) The Osteoporosis Quality of Life Questionnaire of
Cook, et af* is a similar disease specific instrument that
requires trained persons to administer. The authors were
very thorough in their methodology in developing this ques-
tionnaire. It consists of 30 questions across domains of
symptoms, activities of daily living, physical limitations,
emotional function, and leisure activities. A 7 point Likert
scale is used for each item. The authors were able to estab-
lish validity and sensitivity to change by following a graup
of eligible patients over a 6 month period™. This instrument
needs further study in the setting of a clinical trial.

(iii) The Osieoporosis Assessment Questionnaire™ of
Silverman and Mason is a self-report questionnaire based on
the Arthritis Impact Measurement Scale 2 core. It has been
validated in a nonrandomized clinical trial, and is being
studied in a number of multicenter trials,

(iv) The Quality of Life Questionnaire of the European

Foundation for Osteoporosis is a self-report questionnaire in
the process of being validated>®.
(c) Gereric measures: A variety of instruments have been
developed to ussess various aspects of quality of life. These
are being included in ongoing clinical trials but there is little
evidence of their current use. Instruments that may
be applicable to osteoporosis clinical trials are (i) the
Short-Form (SF)-36"7 Health Status Questionnaire,
(ii) the Nottingham Health Profile™, and (iii} the European
Quality of Life Questionnaire’. Two instruments that
specifically assess physical function and disability are (iv)
the Functional Status Index, and (v) the Days of
Disability*!.

(i) Short-Form 36 Health Status Questionnaire is a self-
administered questionnaire dealing with 3 major health
attributes (functional status, well being, overall heaith), and
8 health concepts: limitations in physical activities because
of health problems; limitations in social activities because of
physical or emotional problems; limitations in usual role
activities because of physical health problems; bodily pain;
general mental health; limitations in usual role activities

nt Questionnaire, and (iv)
of the European Foundation

ility Questionnaire™
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because of emotional problems; vitality; and general health
perceptions,

(ii) Nottingham Health Profile is designed to give simple
indications of perceived physical, social, and emotional
health problems. The design and content of this instrument
were influenced by the Sickness Impact Profile. It contains
38 items grouped into 6 sections: physical mobility (8
items); pain (8 items); sleep (3 items); social isolation (5
iterns); emotional reactions (9 items): and energy (3 items).
An overall score may be calculated or section scores may be
presented as a profile.

(iii) European Quality of Life is a self-administered ques-
tionnaire comprising & factors: mobility, self-care, social rela-
tionships, pain, mood, and social relationships. Respondents
rate their health in terms of each dimension; they then rate
their health on a VAS®. This instrument may be used to
derive utility measures for cost effectiveness studies,

(iv) Functional Status Index was developed as a clinical
and evaluative tool to measure the degree of dependence,
pain, and difficulty experienced in performing activities of
daily living. It was developed by Jette and Deniston™ to
evaluate a pilot geriatric arthritis program designed to
improve the quality of life in elderly arthritic patients, There
is both a 45 and an 18-item version, both interviewer admin-
istered. The shortened version takes 20-30 min to adminis-
ter. The validity, reliability, and sensitivity to change have
been well studied; however, there are concerns about the
validity of this instrument.

The Functional Status Index has also been used in a small
study by Lyles, er al to determine il vertebral compression
fractures are associated with reduced levels of functional
performance. Scores were significantly different in the ver-
tebral fracture group compared to controls. The validity and
responsiveness of the index in clinical trials of osteoporosis
has not been confirmed.

(v) Days of Disability, designed by the UCSF Study of
Osteoporotic Fractures Group to assess the effect of clinical
fractures on disability, quantifies days of disability. The
UCSF group have used this instrument to document the
degree of disability associated with first and recurrent verte-
bral fracture*!. It has the advantage of capturing self-limited
episodes of pain and days of disability due to acute frac-
tures.

(d) Patient preference/utilities. These include standard gam-
ble, time trade-off, rating scales, and use of the Health
Utilities Index (HUI)*' to represent the net effect on quanti-
ty and quality of life. They reflect patient preferences for
treatment processes and outcome, and can be incorporated
into cost-utility analyses. Some trials are including these
measures?3,

Height. Height is an endpoint that can be used to monitor
progression of disease, as loss of height is a feature of ver-
tebral osteoporosis*#*. Height can be most accurately mea-
sured with a stadiometer (mm) with excellent precision.

Kleerekoper, et af*'* found that in osteoporotic womep
(average age of 67) in whom no new vertebral fracturgg
were observed, the rate of height loss was 1.8 mm/year com.
pared to women with one or more new veriebral fraclures,
whose rate of height loss was 4.6 mm/year (p < 0.05),
Height has been assessed as an endpoint in clinicy|
trials*™?, In these studies, there was less loss of height in the
treatment group, and this finding was significant, except in
the Storm paper’. Height as an endpoint is most useful ip

older women (> 65) or in patients with previous veriebrg] T

fractures. Height loss can be a useful endpoint to assess the
effects of vertebral fractures but it may be the result of other
processes.

Kyphosis. Thoracic kyphosis is an outcome that also reflects
progression of spinal osteoporosis. Mechanical stresses pro-
duced by kyphosis might contribute to chronic back pain.
Lyles, ef al*® showed that subjects with fractures had signif-
icantly more thoracic kyphosis and less lumbar spine lordo-
sis. Various methods have been employed to quantify the
degree of kyphosis. In a study by Ettinger, ef al*, thoracic
curvature was measured using an architect’s semiflexible
rule {flexi-curve). A kyphosis index was then calculated as
100 times the maximum horizontal distance divided by the
vertical length of the upper back curve. This method? has
been shown to be both valid and reproducible. The kyphosis
index was shown to be inversely related to bone density and
kyphosis was associated with definite height loss. In con-
trast, Leidig, er a™ reported only slightly more back pain
and disability in women with kyphosis. The study dealt with
women hospitalized for vertebral fracture, while Ettinger’s
study*® involved a community based population.

This measurement is not widely used in clinical trials and |

there is little information regarding its sensitivity to change.
Another problem inherent with kyphosis is that a number of
women with kyphosis do not have vertebral deformities.
Kyphosis as an endpoint needs further study, and it may be
difficult to incorporate in large multicenter trials,

e

Intermediate outcomes

Bone densitometry. Prospective studies have shown that
women with low bone density are at increased risk of clini-
cal fractures'**3, Dual x-ray absorptiometry (DXA) rapid-
ly and accurately measures bone density and has become the
measure of choice for most clinical trials. For the assess-
ment of appendicular bone, single photon absorptiometry
(SPA) and more recently single x-ray absorptiometry have
been used. Peripheral quantitative computerized tomo-
graphy (CT) of the wrist is being evaluated™. BMD is
strongly correlated statistically with subsequent fractures;
for example, Cummings found that each SD decrease in
femoral neck bone density increased the age adjusted risk of
hip fracture 2.6 times*®, However, from a clinical perspec-
tive, this intermediate outcome is an imperfect proxy for

true clinical endpoint. Furthermore, the benefit of treatment _
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with different agents correlates to different degrees of dif-
ferences in bone density.

CT scans have been shown to be accurate in assessing
bone density but are not recommended for inclusion in a
core set of endpoint assessments due to their expense and
limited availability. Ultrasound is an attractive new technol-
ogy that has the potential to be easier, more portable, and
less expensive; a number of different machines are being
evaluated, most using a varant of broad band ultrasonic
attenuation of the os calcis with the foot immersed in a water
bath®*%7, Initial reports suggest the relative risks of associ-
ated fractures of the spine and hip are very similar to those
of SPA and DXA; these must be confirmed before this tech-
nology can be recommended. It is unclear if ultrasound can
replace existing bone density measurements given there is
inadequate data to recommend its use in monitoring treat-
ment and variability in ultrasound measurement is greater
than DXA.

Biochemical markers. In contrast to medical imaging,
assessment of biochemical markers allows a more frequent
determination of bone metabolism. The biochemical mark-
ers are either enzymes involved in bone remodeling or they
may be bone matrix components released into the circula-
tion during formation or resorption®®, High bone turnover is
reflected by high concentrations of markers. Bone markers
are the most sensitive method for monitoring acute changes
in bone metabolism. Riis, et a/* reporied a correlation
between changes in biochemical markers and bone loss in
women undergoing hormonal replacement therapy (HRT).
They concluded biochemical markers of bone turnover may
be of valtue in monitoring response of bone to HRT. The rate
of bone turnover in postmenopausal osteopototic women
was compared to healthy premenopausal women. When
compared to healthy premenopausal women, all formation
markers excepl carboxyterminal propeptide of type | colla-
gen and all resorption markers except carboxyterminal
telopeptide of type 1 collagen exceeded normal concentra-
lions. Also, Garnero, er o/ examined biochemical markers
and the changes that occurred with alendronate therapy.
With alendronate therapy, resorption markers decreased ear-
lier than formation markers, consistent with antiresorptive
therapy. They alse found a significant correlation between
percentage change in biochemical markers at 3 months and
spinal BMD at 24 months.

Studies of biochemical markers have shown good corre-
lation®'-%* between predicted and measured bone mass mea-
surement for groups of patients. However, the variability is
large and the predictive ability of markers is not as certain
lor individual patients. Newer markers such as urinary N-
lelopeptide or C-telopeptide (crosslaps) of Type 1 collagen
may help to assess a patient’s response to therapy. Gamnero,
¢t al reported that urinary excretion of C-telopeptide and
free deoxypyridinoline predicted hip fracture in elderly
women, independent of femoral neck BMD™.

Falls, Most osteoporotic related fractures in older people are
associated with a fall, although it is important 10 note that
only around 25% of falls result in injury, of which 4-6% are
fractures®®%7, As it is plausible that interventions targeting
fracture prevention might be effective, at least in part,
through reducing the number of falls, falling may be an
important secondary outcome in trials of fracture preven-
tion.

Risk fagctors for falling and falls as an outcome have been
reported widely, inctuding a number of trials with a range of
interventions, such as exercises, reduction of environmental
hazards, and targeted medical interventions®-72,

A consensus definition of falls for research purposes has
been published™. However, subsequent reports have used
other definitions® ™. Falling staws at enrolment (e.g., no
falls, one fall, multiple falis) has been reported and is a vari-
able worth recording in trials of agents that might affect neu-
romuscular performance. Useful presentations of data have
included the number of individuals sustaining any category
of fall, the mean number (with SD) of falls sustained by
each participant, and the time to first fall.

We have presented an evidence based review of the end-
points, both clinical health status outcomes and intermediate
outcomes, to facilitate the selection of a core set of end-
points for osteoporosis clinical trials.
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