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THE IDENTIFICATION OF WOMEN

at risk for osteoporotic frac-
tures by measurement of low
bone mineral density (BMD) is

an important strategy to reduce the bur-
den of fracture-related morbidity asso-
ciated with this disease.1,2 Dual-
energy x-ray absorptiometry (DXA) is
accepted as the most accurate clinical
method for identifying those with low
BMD.2,3 Suggestions concerning who
should be tested are quite broad. The
National Osteoporosis Foundation
(NOF) 1998 practice guidelines (re-
vised in 1999)4 recommend BMD test-
ing in women considering treatment
who are aged 65 years or older, and in
younger postmenopausal women con-
sidering treatment who have 1 or more
risk factors for osteoporotic fracture
other than menopause. The recommen-
dation to select perimenopausal women
on the basis of “other risk factors” is
echoed in a number of other guide-
lines.2,5-9 However, given that many
postmenopausal women have at least
1 of these factors,10 the question may
not be whom to test, but rather whom
not to test.
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Context Identification of women with low bone mineral density (BMD) is an impor-
tant strategy in reducing the incidence of osteoporotic fractures. However, screening
all women is not recommended.

Objectives To assess the diagnostic properties of 4 decision rules—Simple Calcu-
lated Osteoporosis Risk Estimation (SCORE), Osteoporosis Risk Assessment Instru-
ment (ORAI), Age, Body Size, No Estrogen (ABONE), and body weight less than 70
kg (weight criterion)—for selecting women for dual-energy x-ray absorptiometry (DXA)
testing and to compare results with recommendations made in the National Osteo-
porosis Foundation (NOF) practice guidelines.

Design and Setting Analysis of data from the Canadian Multicentre Osteoporosis
Study, a population-based community sample, collected from 9 study centers across
Canada between February 1996 and September 1997.

Participants Postmenopausal women aged 45 years or older (N=2365) without bone
disease who had DXA data for the femoral neck, data to apply selection criteria, and
who were not currently taking estrogens or who had been taking hormone replace-
ment therapy for 5 or more years.

Main Outcome Measures Sensitivity, specificity, and area under the receiver op-
erating characteristic (AUROC) curve of each of the 4 decision rules and the NOF guide-
lines for identifying women with a BMD T score of less than −1.0 SD, less than −2.0
SD, and no more than −2.5 SD at the femoral neck, and percentages of women rec-
ommended for testing, stratified by BMD level and age.

Results The percent of women with a BMD T score less than −1, less than −2, and no
more than −2.5 were 68.3%, 25.4%, and 10.0%, respectively. The AUROC curves were
greatest using SCORE and ORAI. The sensitivity for identifying women with a BMD T
score of less than −2.0 was 93.7% (95% confidence interval [CI], 91.8%-95.6%) using
the NOF guidelines and was 97.5% (95% CI, 96.3%-98.8%), 94.2% (95% CI, 92.3%-
96.1%), 79.1% (95% CI, 75.9%-82.3%), and 79.6% (95% CI, 76.4%-82.8%), re-
spectively, using the SCORE, ORAI, ABONE, and weight criterion. However, the NOF
guidelines also resulted in 74.4% (95% CI, 71.3%-77.6%) of women with a normal BMD
(T score of −1.0 or higher) being tested compared with 69.2% (95% CI, 65.9%-
72.5%), 56.3% (95% CI, 52.7%-59.8%), 35.8% (95% CI, 32.4%-39.2%), and 38.1%
(95% CI, 34.6%-41.6%), respectively, using the 4 decision rules. Assessments suggest
that ABONE and weight criterion are not useful case-finding approaches.

Conclusion The SCORE and ORAI decision rules are better than the NOF guidelines at
targeting BMD testing in high-risk patients. The acceptability of these rules in clinical prac-
ticemerits further investigationgiventheirpotentialeffectontheuseofdensitometryservices.
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Clinical decision rules are evidence-
based tools that can help reduce un-
certainty in medical practice by
implementing clear criteria for the use
of major clinical findings.11,12 Several
decision rules based on clinical crite-
ria have been developed to guide deci-
sions for BMD referrals.13-16 They range
from the very simple, being based on
weight alone,13 to more complex selec-
tion schemes requiring the assess-
ment of many risk factors.14 The pur-
pose of this study was to assess the
diagnostic properties of the NOF
recommendations and 4 decision
rules.4,13-16

METHODS
Study Sample

The Canadian Multicentre Osteoporo-
sis Study (CaMos) is a population-
based 5-year cohort study evaluating the
relationship between risk factors for os-
teoporosis, measures of BMD, and os-
teoporotic fracture.17 In brief, an age-,
sex-, and region-stratified random
sample of the Canadian population was
selected using a telephone-based sam-
pling frame. This included noninstitu-
tionalized residents aged 25 years or
older within 50 km of 9 study centers
across Canada. CaMos participants were
fluent in English or French, or in the
case of Toronto and Vancouver, En-
glish, French, or Chinese. Baseline data
collection began February 1996, and
ended September 1997. Eligible sub-
jects were invited to meet with a trained
interviewer to complete a standard-
ized questionnaire about risk factors for
osteoporosis and to visit the center for
DXA testing. The present study in-
cluded data from 6 sites: Calgary, Hali-
fax, Québec City, Saskatoon, St John’s,
and Vancouver. Given that the Osteo-
porosis Risk Assessment Instrument
(ORAI) was developed using CaMos
Ontario data (Hamilton, Kingston, and
Toronto),15 these sites were excluded
from the current analyses. Meno-
pausal women aged 45 years or older
with DXA data at the femoral neck were
eligible for this study. Participants with
physician-diagnosed bone disease, tak-
ing bone sparing medication other than

ovarian hormones, or missing data for
any of the risk factors required by the
decision rules or NOF guidelines were
excluded.

The NOF guidelines4 and the deci-
sion rules each provide guidance to cli-
nicians in making referrals for BMD
testing. The recommendations are made
to help identify the average woman at
risk for primary osteoporosis. Identi-
fication of women at high risk for sec-
ondary osteoporosis would be inde-
pendent of respective recommendations
for testing. Therefore, women at high
risk for secondary osteoporosis were ex-
cluded from this study. The NOF guide-
lines recommend BMD testing only
among women considering treatment,
ie, when there is a decision to be made.
For the purposes of this study it was as-
sumed that all women would consider
treatment depending on DXA results.
Although women currently taking hor-
mone replacement therapy (HRT)
would not be eligible for testing (no de-
cision to be made regarding treat-
ment), the NOF physician’s guide rec-
ommends testing in those taking HRT
for prolonged periods. As a result,
whereas women taking HRT for less
than 5 years were excluded, those tak-
ing HRT for 5 years or more were in-
cluded in the study.

Inclusion of Decision Rules
for Referring Women
for Bone Densitometry
We conducted a MEDLINE search to
identify articles published in English
providing decision rules based on
simple criteria to identify menopausal
community-dwelling women for BMD
testing. Decision aids based on regres-
sion models18 or involving detailed
questionnaires19 were excluded from
this analysis. Our search identified 4 de-
cision rules for BMD testing.13-16

Application of NOF Guidelines
and Decision Rules
TABLE 1 summarizes the criteria that cli-
nicians are recommended to use in de-
ciding which women should undergo
bone densitometry under the NOF
guidelines and the 4 decision rules.

Each strategy was applied to the co-
hort using individual responses to the
CaMos questionnaire. Among women
65 years or younger, selection criteria
were limited to the 4 major risk fac-
tors highlighted in the NOF physi-
cian’s guide, ie, weight less than 57.6
kg, personal history of fracture as an
adult, history of fracture in a first-
degree relative, and current smoker.
These 4 criteria were chosen by the
NOF20 because they are key determi-
nants of hip fracture risk among white
women.21 The NOF guideline speci-
fies family history to include maternal
or paternal wrist, hip, or spine frac-
ture after the age of 50 years. These spe-
cific data were not collected by CaMos.
Therefore, any parental minimal trauma
fracture was used as a proxy. The Ca-
Mos questionnaire grouped fractures of
the forearm and wrist. Minimal trauma
fractures of the forearm/wrist were in-
cluded as a history of wrist fracture in
Simple Calculated Osteoporosis Risk
Estimation (SCORE) derivation. Fi-
nally, weight was recorded in kilo-
grams by CaMos.

Outcome Measure
Bone mineral density was measured us-
ing the following DXA machines: Ho-
logic QDR 4500 (in Calgary), Hologic
QDR 2000 (in Halifax and Québec), Ho-
logic QDR 1000 (in Saskatoon and Van-
couver) (Hologic Inc, Waltham, Mass),
and Lunar DPX (in St John’s), (Lunar
Corporation, Madison, Wis). T scores
were calculated from cross-calibrated
Hologic BMD equivalents22 using Ca-
nadian young adult normal values at the
femoral neck.23 Although a recent up-
date from the International Osteoporo-
sis Foundation3 suggests that the Third
National Health and Nutrition Exami-
nation Survey (NHANES III) reference
data be used to derive T scores, there is
increasing evidence supporting local ref-
erence standards.24 As well, the Cana-
dian young adult normal reference at the
femoral neck (mean [SD], 0.857 [0.125]
g/cm2)23 is similar to that reported by
NHANES III for non-Hispanic white
Americans (mean [SD], 0.858 [0.120]
g/cm2).25
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Low BMD at either the hip or lum-
bar spine is clinically relevant for de-
ciding about prophylactic treatment to
prevent osteoporosis and fragility frac-
tures.5 However, given that the NOF
guidelines4 were derived from assess-
ments at the hip and the increasing
questions regarding the application of
the World Health Organization crite-
ria to sites other than the hip,3 BMD out-
comes in this study were assessed as be-
ing present at the femoral neck.

Osteoporosis treatment guide-
lines4-7 suggest pharmacological inter-
ventions among those with osteoporo-
sis (T score # − 2.5 SDs) and no
intervention among women with nor-
mal BMD (ie, T score $−1.0). While
most guidelines2,5-7 suggest that treat-
ment be considered for those with os-
teopenia (T score of −1.0 to −2.5), the
NOF guidelines provide more specific
recommendations; suggesting treat-
ment to reduce fracture risk among
menopausal women with a BMD T
score below −1.5 if other risk factors are
present, or below −2.0 in the absence
of risk factors.4 For the purposes of this
analysis, a T score of less than −2.0 was
taken as the suggested threshold to ini-
tiate pharmacological therapy to re-
duce fracture incidence in meno-
pausal women, hereafter referred to as
the treatment threshold.

Statistical Analysis
Demographic and other characteris-
tics of the study population were tabu-
lated as means and SDs, or propor-
tions as applicable. The area under
the receiver operating characteristic
(AUROC) curve was used as a mea-
sure of the overall ability of each strat-
egy to discriminate between women
with varying degrees of low BMD. Three
BMD outcomes were examined for each
strategy: a BMD T score of less than −1.0
(complement of normal BMD4-7), less
than −2.0 (below treatment thresh-
old) , and no more than −2.5
(osteoporosis4-7). The AUROC curves
were calculated and compared with ap-
plying methods for correlated AUROC
curves.26 The AUROC curves for iden-
tifying osteoporosis were plotted.

The decision rules are scoring sys-
tems amenable to AUROC curve analy-
sis. Although the NOF recommenda-
tions are not presented as a scoring
system, the guide states that the more
risk factors a women has, the greater
the risk for fracture.4 The status re-
port20 summarizing evidence-based rec-
ommendations suggested that physi-
cians use a counting method of risk
factors among menopausal women aged
65 years or younger, giving 1 point for
history of fracture, weight, and smok-
ing. We thus derived “NOF points” by
giving 1 point to each factor.

The number of points recommended
by the developers of respective decision
rules was used to select women for test-
ing, ie, SCORE points of 6 or more, ORAI
points of 9 or more, Age, Body Size, No
Estrogen (ABONE) points of 2 or more,
body weight of less than 70 kg (weight

criterion), and NOF points of 1 or more.
Given the discrepancy between the text
and scoring in the ABONE article, we
contacted the author who confirmed that
patients with an ABONE score of 2 or
more are recommended for testing
(L. Weinstein, written communication,
February 2001).16 Sensitivity, specific-
ity, and corresponding 95% confidence
intervals (CIs) were calculated at the rec-
ommended cut-point for each method.
Finally, given that 2 of the selection
methods (NOF and ORAI) recommend
all women aged 65 years or older for test-
ing, the proportion of women selected
by each tool was stratified by age as 45
to 64 years old and 65 years or older, and
presented by level of BMD as: normal
BMD (T score $−1 SD), mild osteope-
nia (T score −1.0 to no less than −2.0),
moderate osteopenia (T score −2.0 to
−2.5), and osteoporosis (T score #−2.5).

Table 1. Selection Criteria Suggested From the National Osteoporosis Foundation Practice
Guidelines and 4 Clinical Decision Rules for Bone Mineral Density Testing Among
Postmenopausal Women Considering Treatment*

Guideline/Rule
Selection
Cut Point Scoring System

National Osteoporosis
Foundation (NOF)4

Score $1 One point each for†
Age $65 y
Weight ,57.6 kg
Personal history of fracture: minimal

trauma fracture .40 y
Family history of fracture‡
Current cigarette smoking

Simple Calculated Osteoporosis
Risk Estimation (SCORE)14

Score $6 Points are given for
Race: 5 if not black
Rheumatoid arthritis: 4 if applicable
History of minimal trauma fracture after

age 45 y: 4 for each fracture of the
wrist§, hip, or rib, to a maximum of 12

Age: 3 times first digit of age in years
Estrogen therapy: 1 if never used
Weight: −1 times weight in lb divided by 10

and truncated to integer

Osteoporosis Risk Assessment
Instrument (ORAI)15

Score $9 Points are given for
Age: 15 if 75 y or older, 9 if 65-74 y,

5 if 55-64 y
Weight: 9 if ,60 kg, 3 if 60.0-69.9 kg
Estrogen use: 2 if not currently taking

estrogen

Age, Body Size, No Estrogen
(ABONE)16

Score $2 Points are given for
Age: 1 if .65 y
Weight: 1 if ,63.5 kg
Estrogen use: 1 if never used oral

contraceptives or estrogen therapy
for at least 6 mo

Body weight criterion13 Weight ,70 kg

*ORAI is also applicable for use in premenopausal women aged 45 years or older.
†For the purpose of the area under the receiver operating characteristic (AUROC) curve analysis, each factor was given

1 point. All those with at least 1 “NOF point” were identified for testing.
‡NOF guidelines stipulate maternal/paternal history of hip, wrist, or spine fracture when the parent was 50 years or

older. These specific data was not collected in CaMos.
§Forearm/wrist were included as a history of wrist fracture.
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RESULTS
A total of 3288 menopausal women
aged at least 45 years had DXA data at
the femoral neck. Among these, a to-
tal of 402 were excluded with either a
diagnosis of osteoporosis (382) or tak-
ing bone sparing medications such as
calcitonin or bisphosphonates (20). A
further 158 were excluded with poten-
tial causes for secondary osteoporosis.
In addition, 69 were missing data to cal-
culate decision rules, and 294 cur-
rently using HRT for less than 5 years
were excluded, leaving a total sample
size of 2365 women.

The mean age and weight of the study
cohort was 66.4 (SD, 8.8) years and 69.0
(13.3) kg, respectively. TABLE 2 pro-
vides a summary of demographics, os-
teoporosis risk factors, and the distri-
bution of BMD in the study cohort. The
population under investigation was
largely composed of white women
(96.6%). Among those younger than 65
years (n = 978), 43.5% had normal
BMD, 52.1% had osteopenia (26.1% of
whom fell below the treatment thresh-
old), and 4.7% had osteoporosis.

The sensitivity and specificity at the
developers’ recommended cut-point and
the AUROC curve for each approach to
select women with any clinically signifi-
cant decrease in BMD (T score ,−1.0),
below the treatment threshold (T score
,−2.0), and with osteoporosis (T score
#−2.5) are presented in TABLE 3. The
AUROC curves for identifying women
with osteoporosis are plotted in the
FIGURE. The SCORE and the ORAI had
the best discriminatory performance at
all BMD thresholds evaluated. When re-
stricted to osteoporosis, SCORE, ORAI,
and weight criterion were equivalent,
with an AUROC curve of 0.80, 0.79, and
0.79, respectively.

The NOF, SCORE, and ORAI selec-
tion criteria resulted in more than 94%
of women below the treatment thresh-
old and more than 96% of women with
osteoporosis for initial testing, with
SCORE being the most sensitive.
However, NOF and SCORE would also
recommend 74.4% (95% CI, 71.3%-
77.6%) and 69.2% (95% CI, 65.9%-
72.5%) of women with normal BMD for
testing, compared with 56.3% (95% CI,
52.7%-59.8%) with the ORAI. The other
decision rules would miss from 13% to
17% of women with osteoporosis but re-
sult in less than 40% of women with nor-
mal BMD recommended for testing:
35.8% (95% CI, 32.4%-39.2%) with
ABONE and 38.2% (95% CI, 34.6%-
41.6%) using the weight criterion.

The overall proportion of women se-
lected by each method ranged from 55%
to 84% (TABLE 4). The NOF and SCORE
would each result in 84% of women aged
45 years or older being recommended to
undergo DXA testing. The correspond-

ing figures for the other decision rules
were 75% of women for ORAI and 55%
and 56% for ABONE and weight crite-
rion, respectively. When looking at re-
sults by age, the SCORE selected 95% of
women aged 65 years or older, coming
close to the recommendations made by
the NOF and ORAI that include women
aged 65 years or older as part of their se-
lectioncriteria.However, theSCOREalso
selected a higher proportion of younger
women (69%), particularly in compari-
son to the ORAI (39%) and the ABONE
(22%). This translates into 55% of
women aged 45 to 64 years with nor-
mal BMD being selected by SCORE
(comparable to the NOF), compared
with 23% and 12% using the ORAI and
ABONE, respectively. The weight crite-
rion selected 53% of younger vs 59% of
older women, the closest proportion by
age compared with any other method.
However, the weight criterion only cap-
tured 83% of younger women and 79%
of older women below the treatment
threshold. Although ABONE selected
88% of older women below the treat-
ment threshold, more than half of
younger women with moderate osteo-
penia and osteoporosis were missed.

COMMENT
In recent years, the availability of new
pharmacological treatments for osteo-
porosis27 have put new pressures on pri-
mary care physicians to screen patients
at risk for fragility fracture with BMD
testing. The clinical challenge is to iden-
tify those at greatest risk for fracture,1

while limiting unnecessary testing in
those with normal BMD who have a low
risk for fracture.1,6 Current guide-
lines2,5-9 providing lists of indications for
BMD testing may be difficult to trans-
late into a clinical case-finding strategy
for practice.12,28 Decision rules using a
more limited, but specific set of clinical
factors provide an alternative approach
to guide decisions for BMD testing.

Two of the decision rules (SCORE and
ORAI) as well as the NOF guidelines se-
lected 94% or more women below the
treatment threshold and more than 96%
of women with osteoporosis. However,
the specificity of the ORAI was signifi-

Table 2. Summary of Demographics, Risk
Factors for Osteoporosis, and Bone Mineral
Density (BMD) Status in the Study Cohort
(N = 2365)

Characteristics No. (%)

Demographics

Age, y
45-54 220 (9.3)
55-64 758 (32.1)
65-74 962 (40.7)
$75 425 (18.0)

Weight, kg
,50 114 (4.8)
50-59 460 (19.5)
60-69 760 (32.1)
70-79 569 (24.1)
$80 462 (19.5)

Race
White 2285 (96.6)
Asian 42 (1.8)
Black 8 (0.3)
Other 30 (1.3)

Factors Influencing Osteoporosis Risk

Minimal trauma fractures
Rib, hip, or forearm/wrist

since age 45 y
194 (8.2)

Any site since age 40 y 500 (21.1)
Estrogen therapy

Current use (for $5 y) 412 (17.4)
Past use 526 (22.2)

Estrogen
Never used* 922 (39.0)

Other risk factors
Rheumatoid arthritis 155 (6.6)
Current smoker 316 (13.4)
Parental history of fracture 743 (31.4)

Bone Mineral Density

BMD status
Normal BMD 755 (31.7)
Osteopenia 1390 (58.3)
Osteoporosis 239 (10.0)

BMD T score†
,−1.0 SD‡ 1629 (68.3)
,−2.0 SD§ 605 (25.4)
#−2.5 SD\ 239 (10.0)

*Oral contraceptives or estrogen replacement.
†Not mutually exclusive categories.
‡Complement of normal BMD.
§Below treatment threshold.
\Osteoporosis.
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cantly better, selecting 56% of women
with normal BMD compared with 69%
and 74% with the SCORE and NOF, re-
spectively. Although the ABONE and
weight criterion would result in even
fewer tests (,40%) among women with
normal BMD, 20% of women below the
treatment threshold would not be se-
lected for DXA testing.

Overall, the NOF guidelines and
SCORE each selected 84% of the study
population. The ORAI selected signifi-
cantly fewer women (75%), yet recom-
mended just as many women aged 45 to
64 years with moderate osteopenia
(67%), and more women with osteopo-
rosis (87% vs 80%) compared with the
NOF guidelines. Therefore, the ORAI,
similar to the NOF in selecting all women
aged 65 years or older, is clearly supe-
rior to the NOF guidelines, providing
more specific recommendations to limit
unnecessary testing among women
younger than 65 years. Similarly, given
that the tools have comparable perfor-
mance, the simplicity of the ORAI vs the
SCORE suggests that it might be more
readily adopted in clinical practice,12 and
thus may have a better impact on iden-
tifying women for initial BMD testing vs
the SCORE. An impact assessment11 of
the 2 rules is warranted to assess the ef-
fectiveness of these decision rules ap-
plied in practice. Future research should
evaluate the SCORE and ORAI criti-
cally from the perspective of both phy-
sicians and health planners/policy advi-
sors.Cliniciansmaynot favorusinga rule
that limits testing in women who may be
appropriately selected for treatment on
the basis of BMD results, preferring in-
stead to use clinical judgment, or to opt
for universal screening. However, a
policy for screening all menopausal
women has been widely rejected, and it
may be difficult for clinicians to assign
appropriate weight to multiple risk fac-
tors in each patient individually. Deci-
sion rules may therefore be more pro-
ductive in terms of useful decision
making.11 Decision rules are not meant
to replace diagnostic tests, but rather
complement them by helping to iden-
tify higher risk populations that are more
likely to benefit from testing.11 Clinical

decisions for treatment should be based
on actual DXA bone density values and
the patient risk profile, rather than rely-
ing on the decision rule results.

Targeting high-risk populations is
important for achieving cost-effective
interventions.29 Selection of women
aged 65 years or older makes intuitive
sense, because women at this age are
entering the highest period of risk for
hip fractures,30 and supports the view
that screening should likely be aimed
at women aged 65 years or older.31 Both
the ORAI and the NOF practice guide-
lines suggest BMD testing in all women
aged at least 65 years who are consid-
ering treatment, regardless of risk pro-
file. At the recommended cut-point of
6, the SCORE also selected 95% of
women in this age group. However,
other researchers have begun to explore
specific selection criteria aside from age
among older groups. Currently, this is
limited to regression models32 that
would not be easy to implement in a
clinical setting.12 Others argue that there
is an upper age limit beyond which DXA
testing is not necessary (.80 years,33

.70 years4), supporting treatment

among these oldest age groups in the
presence of multiple risk factors with-
out DXA. Further research is war-
ranted, however, to identify the effec-
tiveness of treatment without BMD
results. A recent randomized con-

Figure. The Area Under the Receiver
Operating Characteristic (AUROC) Curves
for Osteoporosis
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Table 3. Sensitivity, Specificity, and Area Under the Receiver Operating Characteristic
(AUROC) Curve for Strategies to Identify Postmenopausal Women Aged 45 Years or Older
Below Various Bone Mineral Density (BMD) T Scores at the Femoral Neck (N = 2365)*

% (95% CI)
AUROC

Curve (SE)Sensitivity Specificity

BMD T score ,−1.0 SD
NOF 87.9 (86.3-89.4) 25.6 (22.4-28.7) 0.64 (0.01)

SCORE 90.6 (89.2-92.0) 30.8 (27.5-34.1) 0.72 (0.01)

ORAI 83.2 (81.4-85.0) 43.7 (40.2-47.3) 0.71 (0.01)

ABONE 64.4 (62.1-66.8) 64.2 (60.8-67.6) 0.67 (0.01)

Weight criterion 64.1 (61.7-66.4) 61.9 (58.4-65.4) 0.68 (0.01)

BMD T score ,−2.0 SD
NOF 93.7 (91.8-95.6) 19.8 (17.9-21.7) 0.67 (0.01)

SCORE 97.5 (96.3-98.8) 20.8 (18.9-22.7) 0.77 (0.01)

ORAI 94.2 (92.3-96.1) 31.9 (29.7-34.1) 0.76 (0.01)

ABONE 79.1 (75.9-82.3) 52.7 (50.3-55.0) 0.71 (0.01)

Weight criterion 79.6 (76.4-82.8) 52.2 (49.9-54.5) 0.74 (0.01)

BMD T score #−2.5 SD
NOF 96.2 (93.8-98.6) 17.8 (16.2-19.4) 0.70 (0.02)

SCORE 99.6 (98.8-100) 17.9 (16.2-19.5) 0.80 (0.01)

ORAI 97.5 (95.5-99.5) 27.8 (25.9-29.7) 0.79 (0.01)

ABONE 83.3 (78.5-88.0) 47.7 (45.6-49.8) 0.72 (0.02)

Weight criterion 87.0 (82.8-91.3) 47.6 (45.5-49.7) 0.79 (0.02)

*NOF indicates National Osteoporosis Foundation guidelines (selection at cut-point of 1); SCORE, Simple Calculated
Osteoporosis Risk Estimation (selection at cut-point of 6); ORAI, Osteoporosis Risk Assessment Instrument (selec-
tion at cut-point of 9); ABONE, Age, Body Size, No Estrogen (selection at cut-point of 2); Weight criterion, selection
of women who weigh less than 70 kg; and CI, confidence interval.
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trolled clinical trial identified the impor-
tance of BMD testing in making deci-
sions for drug therapy, finding that
risedronate reduced fracture inci-
dence among elderly women with low
BMD, but no protection was observed
among those selected based on clinical
factors other than BMD status.34

Data in this study provide informa-
tion based on DXA results at one point
in time. The purpose of initial DXA test-
ing is to identify those who would ben-
efit from treatment or prophylaxis to
reduce the risk of fragility fracture based
on low BMD. As such, the ultimate out-

come of interest is fracture, and future
studies should evaluate the proportion
of missed cases that eventually frac-
ture. Such longitudinal evaluation may
also provide information regarding the
repeated use of decision rules to select
women for initial DXA testing. Further-
more, inadditiontoBMDresults, thebest
predictor of fracture is prevalent frac-
ture. The NOF recommendations
include prevalent fracture as an indica-
tion for BMD testing. Although the
SCORE includes a variant of this (gives
points for previous fracture), it would
not select all of these patients. Like-

wise, minimal trauma fractures were
associated with low BMD in develop-
ment of the ORAI, but fracture history
was excluded from the decision rule to
simplify the instrument.15 Similar to the
separate identification of women at high
risk for secondary osteoporosis, it is
important in practice to suggest abso-
lute BMD testing among those with
prevalent fragility fracture if theyarecon-
sidering treatment. The simple screen-
ingandtreatmentof individualswith fra-
gility fracture are often neglected in
practice.35-37

Given that CaMos oversampled older
age groups, our study sample had pro-
portionately more women older than 65
years as compared to the actual distri-
bution of menopausal women in
Canada. This may have affected the over-
all specificity of each selection method
and overestimated the total proportion
selected by each tool. Given that we did
not have specific data regarding age or
site of fractures in parents, by includ-
ing any parental minimal trauma frac-
ture, we may have overselected women
for testing based on NOF. In addition,
rheumatoid arthritis is a known cause
of secondary osteoporosis.4 Given the in-
clusion of rheumatoid arthritis in
SCORE derivation, we included sub-
jects with this condition. Inclusion of
women with rheumatoid arthritis may
have increased the sensitivity of the
SCORE, but decreased the sensitivity of
the other selection methods that target
women at risk for primary osteoporo-
sis. Finally, among initial contacts pro-
viding basic demographic data, the re-
sponse rate for women aged 45 years
or older among the 6 CaMos sites in-
cluded in this study was 62.1%. Propor-
tions agreeing to participate decreased
with increasing age, from 75.7% among
those aged 45 to 54 years to 35.7%
among those older than 84 years. This
may indicate a healthy cohort effect,
where healthier women participated in
the study, and thus an underrepresen-
tation of frail and sick individuals at
older ages. Alternatively, given the na-
ture of the study, which evaluates risk
factors for osteoporosis, perhaps a dif-
ferent self-selection bias occurred, where

Table 4. Selection of Women by Age Group and Bone Mineral Density (BMD) Outcomes in
the Study Cohort Using Recommended Cut-Points*

No. (%)

Ages 45-64 y
(n = 978)

Ages $65 y
(n = 1387)

All Ages
(N = 2365)

National Osteoporosis Foundation (NOF)
Normal BMD† 232 (55.0) 321 (100.0) 553 (74.4)

Mild osteopenia‡ 264 (62.4) 596 (100.0) 860 (84.4)

Moderate osteopenia§ 58 (66.7) 277 (100.0) 335 (92.0)

Osteoporosis\ 37 (80.4) 193 (100.0) 230 (96.2)

Total selected 591 (60.4) 1387 (100.0) 1978 (83.6)

Simple Calculated Osteoporosis Risk
Estimation (SCORE)

Normal BMD† 231 (54.7) 283 (88.2) 514 (69.2)

Mild osteopenia‡ 319 (75.4) 563 (94.5) 882 (86.6)

Moderate osteopenia§ 75 (86.2) 275 (99.3) 350 (96.2)

Osteoporosis\ 45 (97.8) 193 (100.0) 238 (99.6)

Total selected 670 (68.5) 1314 (94.7) 1984 (83.9)

Osteoporosis Risk Assessment Instrument (ORAI)
Normal BMD† 97 (23.0) 321 (100.0) 418 (56.3)

Mild osteopenia‡ 186 (44.0) 596 (100.0) 782 (76.7)

Moderate osteopenia§ 58 (66.7) 277 (100.0) 335 (92.0)

Osteoporosis\ 40 (87.0) 193 (100.0) 233 (97.5)

Total selected 381 (39.0) 1387 (100.0) 1768 (74.8)

Age, Body Size, No Estrogen (ABONE)
Normal BMD† 52 (12.3) 214 (66.7) 266 (35.8)

Mild osteopenia‡ 102 (24.1) 466 (78.2) 568 (55.7)

Moderate osteopenia§ 42 (48.3) 236 (85.2) 278 (76.4)

Osteoporosis\ 23 (50.0) 176 (91.2) 199 (83.3)

Total selected 219 (22.4) 1092 (78.7) 1311 (55.4)

Weight criterion
Normal BMD† 163 (38.6) 121 (37.7) 284 (38.2)

Mild osteopenia‡ 239 (56.5) 330 (55.4) 569 (55.8)

Moderate osteopenia§ 70 (80.5) 202 (72.9) 272 (74.7)

Osteoporosis\ 41 (89.1) 168 (87.0) 209 (87.4)

Total selected 513 (52.5) 821 (59.2) 1334 (56.4)

*Cut-points for selection: NOF (1), SCORE (6), ORAI (9), ABONE (2), Weight criterion (,70 kg). Moderate osteopenia
+ osteoporosis = amount below treatment threshold.

†BMD T score $−1.0 SD.
‡−1.0 SD .BMD T score $−2.0 SD.
§−2.0 SD .BMD T score .−2.5 SD.
\BMD T Score #−2.5 SD.
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those at higher risk or with a family his-
tory were more likely to participate in
the study. Further evaluations in other
populations are important to access the
generalizability of these findings.

DXA testing is important for evalu-
ating the severity of bone loss and mak-
ing treatment decisions. The ABONE
and weight criterion decision rules miss
13% to 17% of women with osteopo-
rosis and are thus not useful case-
finding approaches for DXA testing. The
SCORE and the ORAI, however, are
better than the NOF guidelines, target-
ing testing on women at high-risk for
low BMD. The acceptability of these
rules in clinical practice merits fur-
ther investigation. Future research
should include a cost-effectiveness
analysis to identify acceptable sensitiv-
ity and specificity, and an impact as-
sessment to evaluate the utility of these
decision rules in clinical practice.
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ordinating Centre): A. Tenenhouse (principal
investigator), S. Poliquin (national coordinator), L. Jo-
seph (study statistician), C. Berger (statistician), S.
Lefebvre (research assistant); Dalhousie University, Hali-
fax, Nova Scotia: S. Kirkland (epidemiologist), B. Stan-
field (centre coordinator); University of Toronto, Toronto,
Ontario: N. Kreiger (study epidemiologist), T. M. Mur-
ray (centre director), S. B. Jaglal (epidemiologist), B.
Gardner-Bray (centre coordinator); University of Cal-
gary, Calgary, Alberta: D. A. Hanley (centre director),
J. Allan (centre coordinator); University of British Co-
lumbia, Vancouver: J. C. Prior (centre director), B. Lentle
(radiology study consultant), Y. Vigna (centre coordi-
nator); University of Alberta, Edmonton: S. Jackson
(medical physicist), L. Robertson (research assistant);
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