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Decision Rules for Selecting Women for Bone Mineral
Density Testing: Application in Postmenopausal
Women Referred to a Bone Densitometry Unit
DOLORS MARTÍNEZ-AGUILÀ, CARMEN GÓMEZ-VAQUERO, ANTONI ROZADILLA, MONTSERRAT ROMERA,
JAVIER NARVÁEZ, and JOAN M. NOLLA

ABSTRACT. Objective. Although several decision rules have been developed to identify postmenopausal women
who may be selected for dual-energy x-ray absorptiometry measurements, information on their utility
in a clinical setting is scarce. We evaluated the utility of 4 previously validated decision rules in a large
group of Spanish postmenopausal women referred to a bone densitometry unit.
Methods. We reviewed the data on 665 postmenopausal women (mean age 54.2 ± 5.4 yrs). We select-
ed the 4 decision rules that could be applied with the information that was available: the Osteoporosis
Risk Assessment Instrument (ORAI), Osteoporosis Self-Assessment Tool (OST), Osteoporosis Index of
Risk (OSIRIS), and Body Weight Criterion (BWC). The sensitivity, specificity, and predictive values of
each decision rule were determined.
Results. The ORAI would recommend 45% of women for bone mineral density (BMD) testing, OST
46%, OSIRIS 37%, and BWC 70%. Sensitivity values obtained in the overall series were 64.1% for the
ORAI, 69.2% for OST, 58.1% for OSIRIS, and 83.8% for BWC. The sensitivity increased progressively
with age. The negative predictive value in the overall series was 88.5% for ORAI, 89.9% for OST,
88.4% for OSIRIS, and 90.6% for BWC.
Conclusion. In a complementary way with previous studies in older women, where decision rules were
valuable to identify the majority of women likely to have osteoporosis, our data indicate that in younger
postmenopausal women, decision rules are useful as a screening method to rule out the presence of
osteoporosis and the need for BMD scanning. (J Rheumatol 2007;34:1307–12)
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Osteoporotic fractures are associated with relevant morbidity
rates, increased medical costs, and high mortality1-3.
Epidemiological studies have consistently shown that bone
mineral density (BMD) is a primary predictor of osteoporotic
fractures. It has been established that each standard deviation
reduction in BMD is associated with a 1.5 to 2.5-fold increase
in fracture risk2. Therefore, identification of individuals with
low BMD is essential to allow prophylactic treatment for the
prevention of further fractures4.

Bone densitometry plays a central role in diagnosing osteo-

porosis, predicting fracture and monitoring treatment. Dual-
energy x-ray absorptiometry (DEXA) is regarded as the gold
standard for BMD evaluation5. Unfortunately, the use of
DEXA is limited because it is available only in specialized
clinics.

Today, mass screening using DEXA is not recommended
owing to its cost6. Thus, it is necessary to consider some strat-
egy for selection of the target population6. There are no clear
criteria to decide which women should undergo DEXA test-
ing. Although several guidelines to identify subjects at high
risk for osteoporosis are available5,7-9, their implementation in
practice is cumbersome.

In recent years, decision rules, simple tools obtained by
questionnaire and based on a score, have been developed to
identify postmenopausal women who may be selected for
DEXA measurements10-16. They have been validated in sever-
al cohorts and it seems that they accurately identify the major-
ity of women likely to have osteoporosis.

Information on the utility of these decision rules in a clini-
cal setting is scarce17-20. We have applied 4 previously vali-
dated decision rules in a large group of Spanish post-
menopausal women that had been referred to a bone densito-
metry unit.
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MATERIALS AND METHODS
Study sample. The rheumatology department of the Hospital Universitari de
Bellvitge has a bone densitometry unit that started their operation in 1991. At
the onset of 1999, we mailed a questionnaire to all postmenopausal patients
referred by gynecologists from June 1995 to May 1998. We attempted to iden-
tify the characteristics of the patients diagnosed with primary osteoporosis
and further to optimize the access to the unit of the women with a short post-
menopausal period. The questionnaire enclosed a letter explaining the pur-
pose of the study, encouraging women to participate and asking them to
answer the questions in relation to the date of BMD scanning.

The questionnaire was sent to 1059 women; in 28 cases it was returned
because of a wrong postal address. Of the 1031 remaining patients, 718
(69.6%) answered the questionnaire; no differences between responders and
nonresponders were found except for the frequency of osteoporosis (17.3% vs
11.9%, respectively; p < 0.05).

For the purpose of our study a sample of 665 women was selected,
because in order to homogenize the series, we excluded patients < 40 years
old (n = 12) or > 69 years old (n = 12) and patients with missing data (n = 29)
(Figure 1).
Calculating decision rules scores. After a literature review, we selected the 4
decision rules that could be applied with the information that was available:
the Osteoporosis Risk Assessment Instrument (ORAI)11, Osteoporosis Self-
Assessment Tool (OST)12, Osteoporosis Index of Risk (OSIRIS)13, and Body
Weight Criterion (BWC)14. Their characteristics are as follows.
ORAI11. Points are given for age: 15 if ≥ 75 years, 9 if 65–74, and 5 if 55–64
years; weight: 9 points if < 60 kg and 3 if 60–69.9 kg; and estrogen use: 2
points if not currently taken.
OST12. The score is calculated by the equation: 0.2× (weight in kg – age in
yrs), truncated to yield and integer.
OSIRIS13. Points are given for weight: 2× kg and remove the last digit; estro-

gen use: 2 points if currently taken; age: – 2× years and remove the last digit;
history of fracture: – 2 points if a history of prior low impact fracture is present.
BWC14. The score consists of body weight in kg.

Age, weight, and height were recorded in the densitometry software; all
other variables were extracted from the mailed questionnaire.
Decision rules thresholds for recommending BMD testing. Risk index for
osteoporosis. Previously validated cutpoints (ORAI ≥ 9, OST < 2, OSIRIS ≤
1, and BWC < 70 kg) were used to determine whether a given woman would
be recommended to undergo BMD testing for a particular decision rule.

Each decision rule was then converted into a risk index to differentiate
between low, moderate, and high risk for osteoporosis, as follows. ORAI: low
risk, a score < 9, moderate risk, a score between 9 and 17, high risk, a score
> 17. OST: low risk, a score > 1, moderate risk, a score between –3 and 1,
high risk, a score < –3. OSIRIS: low risk, > 1, moderate risk, a score between
1 and –3, high risk, a score < –3. BWC: low risk, ≥ 70 kg, moderate risk, 57
to 70 kg, high risk, < 57 kg.
Outcome measure. BMD (g/cm2) was measured at lumbar spine (L2-L4) and
femoral neck by DEXA (Hologic Inc., Waltham, MA, USA). Calibration with
a lumbar spine phantom is performed daily and with a femoral phantom
weekly. The T-score (comparison with healthy subjects of the same sex with
peak bone mass) and the Z-score (comparison with age and sex matched
healthy controls) were established by comparison with data from the study of
BMD at the lumbar spine and femoral neck in a Spanish population per-
formed by the Multicentre Research Project on Osteoporosis (MRPO)21. Our
aim was to generate standard curves for BMD at both sites. The total sample
size was 2442 subjects of both sexes stratified according to survival rates,
demographic distribution by local regions, and sex ratio in the Spanish popu-
lation. The measurement of BMD was performed with a Hologic QDR
device. The MRPO members considered that the results were representative
of BMD values in the Spanish population.

We used the World Health Organization (WHO) thresholds22 to classify
our patients into 3 diagnostic categories as follows: (1) normal, a BMD T-
score > –1 standard deviation (SD); (2) osteopenia, a T-score between –1 and
–2.5 SD; (3) osteoporosis, a T-score < –2.5 SD. In each case the lowest BMD
T-score at the lumbar spine (L2-L4) and femoral neck was considered.
Statistical analysis. Demographic and other characteristics of the study pop-
ulation were tabulated as means and SD, or proportions as applicable.
Differences among groups of patients were calculated by analysis of variance
or chi-squared test as applicable. The sensitivity, specificity, and the area
under the receiver-operating characteristic (ROC) curve of each decision rule
for selecting women with osteoporosis by BMD testing were determined; sen-
sitivity was defined as the proportion of osteoporotic women with a positive
test (proportion of individuals with osteoporosis who were correctly identi-
fied by the test) whereas specificity was defined as the proportion of women
without osteoporosis whose test was negative (proportion of individuals with-
out osteoporosis who were correctly identified by the test). Additionally, pre-
dictive positive value (proportion of individuals with a positive test result
who had osteoporosis) and negative predictive value (proportion of individu-
als with a negative test result who did not have osteoporosis) for each risk
index (low, moderate, and high) were calculated. We determined 95% confi-
dence intervals (CI).

RESULTS
Table 1 summarizes the characteristics of the 665 women
included in the study.

Mean lumbar BMD was 0.906 ± 0.146 g/cm2, mean lum-
bar T-score –1.19 ± 1.38 (95% CI –1.30 to –1.09), and mean
lumbar Z-score –0.14 ± 1.14 (95% CI –0.23 to –0.05). At the
femoral neck, mean BMD was 0.742 ± 0.108 g/cm2, mean T-
score –0.90 ± 0.99 (95% CI –0.98 to –0.83), and mean Z-score
–0.02 ± 1.10 (95% CI –0.11 to 0.06).

The overall frequency of osteoporosis at either lumbar
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Figure 1. Selection of the final sample of patients.
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spine or femoral neck was 17.6% (16.7% at lumbar spine,
3.8% at femoral neck). The proportion of women with osteo-
porosis increased with age from 8.7% among women aged
40–49 years (n = 127) to 16.5% among women aged 50–59
years (n = 419) and 31.1% among women aged 60–69 years
(n = 119). In women aged 40–64 years (n = 632) it was 16.8%
and in women aged ≥ 65 years (n = 33) it was 33.3%.

Table 2 shows the population stratified on the basis of the
3 WHO diagnostic categories. The ORAI recommended 45%
of women for BMD testing, OST 46%, OSIRIS 37%, and
BWC 70%.

Table 3 shows the sensitivity, specificity, predictive values,
and area under ROC of each decision rule for selecting
women with osteoporosis for BMD testing in the overall
series (n = 665) and Table 4 shows the same data in the
patients without low impact fracture history (n = 507). Table

5 summarizes the same data when the population was distrib-
uted by age periods.

Finally, Table 6 shows the proportion of women with low,
moderate, or high risk for osteoporosis by each decision rule
and corresponding positive predictive values.

DISCUSSION
There are 3 steps involved in developing and testing tools to
aid clinical decision-making: development, validation in sev-
eral cohorts, and impact assessment. Information on their util-
ity in different populations is especially important in order to
establish the generalizability of these approaches and to
assure their validity in practice11.

We analyzed the value of 4 decision rules for selecting
individuals for bone mineral testing in 665 Spanish post-
menopausal patients referred by gynecologists to our densito-
metry unit; women were in middle age and presented a short
duration of the postmenopausal period.

The relevance of these decision rules could decrease in the
future. It seems that there is a progressive tendency to recom-
mend the identification of individuals based on fracture risk
rather than BMD status23. The BMD would be one among
other factors to predict fracture risk. However, currently, the
importance of the WHO categories in the decision-making
remains high.

Our study is retrospective and was performed in a clinical
setting. It should be interpreted in the light of several consid-
erations. First, we did not test all decision rules that have been
published; due to the available information, we were unable to
analyze the utility of those that employ more complex formu-
las. However, the decision rules included are simpler to cal-
culate and can be easily used in practice.

Second, our series was historical; it is possible that the pat-
tern of estrogen use in our area has been changed, as a conse-
quence of the results of the Women’s Health Initiative
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Table 1. Characteristics of the 665 postmenopausal women who formed
the study sample.

Characteristic

Age, yrs 54.2 ± 5.4
Time since menopause, yrs 8.4 ± 6.4
Height, cm 154.8 ± 5.9
Weight, kg 65.7 ± 9.8
Body Mass Index, kg/m2 27.4 ± 3.9
Estrogen use (%)

Ever 287 (43)
Past 127 (19)
Current 160 (24)

History of low impact fracture (%) 158 (24)
ORAI score, mean ± SD 7.6 ± 4.5
OST score, mean ± SD 2.0 ± 2.0
OSIRIS score, mean ± SD 2.3 ± 2.5

ORAI, Osteoporosis Risk Assessment Instrument; OST, Osteoporosis Self-
Assessment Tool; OSIRIS, Osteoporosis Index of Risk.

Table 2. Characteristics of 665 postmenopausal women stratified on the basis of 3 WHO diagnostic categories.
The lowest BMD T-score at the lumbar spine and femoral neck was considered.

Normal Osteopenia Osteoporosis p
n = 218 n = 330 n = 117

Age, yrs 52.8 ± 5.0 54.3 ± 5.3 56.6 ± 5.6 < 0.001
Time since menopause, yrs 7.0 ± 5.6 8.5 ± 6.3 10.3 ± 7.1 < 0.001
Height, cm 156 ± 6 154 ± 5 154 ± 5 < 0.001
Weight, kg 68.6 ± 10.2 65.2 ± 9.0 61.7 ± 9.3 < 0.001
Body Mass Index, kg/m2 28.0 ± 4.1 27.4 ± 3.7 26.1 ± 3.7 < 0.001
Estrogen use, n (%)

Ever 88 (31) 148 (52) 51 (18) NS
Past 45 (35) 64 (50) 18 (14) NS
Current 43 (27) 84 (52) 33 (21) NS

History of low impact fracture 50 (23) 72 (22) 36 (31) NS
ORAI score, mean ± SD 6.06 ± 3.95 7.83 ± 4.39 9.96 ± 4.70 < 0.001
OST score, mean ± SD 2.80 ± 2.12 1.87 ± 1.86 0.92 ± 1.83 < 0.001
OSIRIS score, mean ± SD 3.11 ± 2.49 2.24 ± 2.33 0.95 ± 2.35 < 0.001

NS: nonsignificant.
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trial24,25. This circumstance could slightly limit the value of
the data concerning the ORAI and OSIRIS. Moreover, data on
estrogen use was based on recall several years after the DEXA
was performed.

Third, although the study sample consisted of women
referred by gynecologists, we cannot be sure that all patients
had primary osteoporosis; however, we are confident that this
circumstance has little effect on the value of our study.
Finally, we estimate that the frequency of osteoporosis and the
prevalence of prior fractures is higher than in the general pop-
ulation of the same age; it is feasible that a selection bias
exists because the patients were recruited from a bone densit-
ometry unit, and were willing to answer a mailed question-
naire.

Despite these criticisms, our study may establish an
approach to the utility of the decision rules for selecting
women for BMD testing in practice. A remarkable point of our
study is the low frequency (5%) of patients aged 65 or more
years. Several authorities indicate that BMD testing should be
performed on all women age 65 and older regardless of risk
factors9,26,27. Thus, to establish the value of the decision rules

in younger postmenopausal women can be useful, as it is
obvious that some clinicians indicate a BMD evaluation in
subjects with no risk factors other than being Caucasian, post-
menopausal, and female.

Our results provide evidence that the ORAI, OST, OSIRIS,
and BWC are effective to optimize the use of bone densitom-
etry in young postmenopausal women; the negative predictive
value obtained with each test seems acceptable in clinical
practice. Nevertheless, the sensitivity values in the overall
series were unsatisfactory and clearly lower than those
observed by Cadarette, et al17. The principal difference with
that study is the mean age of patients (62.4 yrs); women in our
series were significantly younger. This could explain, at least
in part, the discordances. Interestingly, we observed that sen-
sitivity increased progressively with age; it was nearly 90% in
women age 60–69 years, in all the instruments we tested. Our
data emphasize that age is an important variable in determin-
ing sensitivity and specificity.

The value of clinical screening tools in young post-
menopausal women had been previously tested in 2 studies.
Gourlay, et al18, in Belgium, found that the OST, ORAI, and
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Table 3. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and area
under the receiver-operator curve (AUROC) of each decision rule for selecting women with osteoporosis* in the
overall series (n: 665).

Percentage Sensitivity, Specificity, PPV, NPV, AUROC
of Women % (95% CI) % (95% CI) % (95% CI) % (95% CI) (95% CI)
Selected

ORAI 45.1 64.1 58.9 25.0 88.5 0.615
(54.7–72.7) (54.7–63.1) (20.2–30.3) (84.8–91.6) (0.560–0.671)

OST 46.2 69.2 58.8 26.4 89.9 0.640
(60.0–77.4) (54.5–62.9) (21.5–31.7) (86.3–92.9) (0.586–0.694)

OSIRIS 36.7 58.1 67.9 27.9 88.4 0.630
(48.6–67.2) (63.8–71.8) (22.3–33.9) (84.9–91.3) (0.573–0.687)

BWC 69.6 83.8 33.4 21.2 90.6 0.586
(75.8–89.9) (29.4–37.5) (17.5–25.2) (85.7–94.2) (0.532–0.639)

* BMD T-score < –2.5 SD by lowest value at lumbar spine or femoral neck. BWC: Body Weight Criterion.

Table 4. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and area
under the receiver-operator curve (AUROC) of each decision rule for selecting women with osteoporosis* in the
patients with no low impact fracture history (n = 507)

Percentage Sensitivity, Specificity, PPV, NPV, AUROC
of Women % (95% CI) % (95% CI) % (95% CI) % (95% CI) (95% CI)
Selected

ORAI 46.5 69.1 57.6 23.7 90.7 0.634
(57.9–78.9) (52.8–62.4) (18.4–29.7) (86.6–93.9) (0.570–0.699)

OST 46.9 74.1 58.2 25.2 92.2 0.661
(63.1–83.2) (53.4–62.9) (19.8–31.2) (88.3–95.1) (0.599–0.724)

OSIRIS 30.4 53.1 73.9 27.9 89.2 0.635
(41.7–64.3) (69.5–78.0) (21.0–35.7) (85.5–92.3) (0.566–0.704)

BWC 72.2 86.4 30.5 19.1 92.2 0.585
(77.0–93.0) (26.2–35.1) (15.2–23.5) (86.5–96.0) (0.522–0.648)

* BMD T-score < –2.5 SD by lowest value at lumbar spine or femoral neck.
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SCORE (based on race, presence of rheumatoid arthritis, low
trauma fracture, estrogen use, age, and weight) risk assess-
ment tools had similar discriminatory ability to identify osteo-
porosis at the femoral neck in a referral population of post-
menopausal women aged 45–64 years (mean 56 yrs) com-
pared to women aged ≥ 65 years (mean 70.7 yrs). However,
the results obtained by Rud, et al19, in Denmark, question the
utility of all 3 evaluated clinical decision rules (OST, ORAI,
and SCORE) to select healthy perimenopausal and early post-
menopausal women (mean age 50.5 yrs) for DEXA.

There are clear guidelines recommending that all women
with previous low impact fracture be referred for DEXA test-
ing9. In this way, we analyzed the value of the decision rules
excluding patients with a known history of fracture. We found
no major changes with respect to the overall series.

As in previous studies, each decision rule was converted
into a risk index to differentiate low, moderate, and high risk
for osteoporosis. Converting the decision rules into risk
indices may be useful for clinicians, mainly for educating
patients regarding their risk of osteoporosis11. Our data on
positive predictive value (proportion of sample in the catego-

1311Martinez-Aguilà, et al: Selecting women for bone densitometry

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2007. All rights reserved.

Table 5. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) for selecting
women with osteoporosis* in several age ranges.

Sensitivity, Specificity, PPV, NPV,
% (95% CI) % (95% CI) % (95% CI) % (95% CI)

ORAI
40–49 yrs 45.4 69.8 12.5 93.1
(n = 127; OP 8.7%) (16.7–76.6) (60.6–78.0) (4.2–26.8) (85.6–97.4)
50–59 yrs 55.1 63.1 22.7 87.7
(n = 419; OP 16.5%) (42.6–67.1) (57.8–68.2) (16.6–29.9) (83.0–91.5)
60–69 yrs 86.5 25.6 34.4 80.8
(n = 119; OP 31.1%) (71.2–95.5) (16.6–36.4) (24.9–45.0) (60.6–93.4)

OST
40–49 yrs 36.4 81.0 15.4 93.1
(n = 127; OP 8.7%) (10.9–69.2) (72.7–87.7) (4.4–34.9) (86.2–97.2)
50–59 yrs 63.8 59.7 23.8 89.3
(n = 419; OP 16.5%) (51.3–75.0) (54.4–64.9) (17.8–30.6) (84.6–93.0)
60–69 yrs 89.2 23.2 34.4 82.6
(n = 119; OP 31.1%) (74.6–95.5) (14.6–33.8) (25.0–44.8) (61.2–95)

OSIRIS
40–49 yrs 27.3 90.5 21.4 92.9
(n = 127; OP 8.7%) (6.0–61.0) (83.7–95.2) (4.7–50.8) (86.5–96.9)
50–59 yrs 49.3 70.0 24.5 87.5
(n = 419; OP 16.5%) (37.0–61.6) (64.9–74.8) (17.6–32.5) (15.2–24.7)
60–69 yrs 83.8 26.8 34.1 78.6
(n = 119; OP 31.1%) (68.0–93.8) (17.6–37.8) (24.4–44.7) (59.0–91.7)

BWC
40–49 yrs 90.9 31.9 11.2 97.4
(n = 127; OP 8.7%) (58.7–99.8) (23.5–41.2) (5.5–19.7) (86.2–99.9)
50–59 yrs 81.2 34.6 19.6 90.3
(n = 419; OP 16.5%) (69.9–89.6) (29.6–39.8) (15.2–24.7) (84.0–94.7)
60–69 yrs 86.5 30.5 36.0 83.3
(n = 119; OP 31.1%) (71.2–95.5) (20.8–41.6) (26.0–46.8) (65.3–94.4)

* BMD T-score < –2.5 SD by lowest value at lumbar spine or femoral neck. OP: osteoporosis.

Table 6. Proportion of women with low, moderate, or high risk for osteoporo-
sis* by each decision rule and corresponding positive predictive value (PPV).

Distribution of PPV, %
Study Sample, %

ORAI
Low (< 9) 54.9 11.5
Moderate (9 to 17) 43.9 24.3
High (> 17) 1.2 50.0

OST
Low (> 1) 53.8 10.1
Moderate (–3 to 1) 46.2 26.4
High (< –3) 0 —

OSIRIS
Low (> 1) 63.3 11.6
Moderate (–3 to 1) 36.0 26.8
High (< –3) 5.7 47.4

BWC
Low (≥ 70) 30.4 9.4
Moderate (57 to 69) 52.9 18.2
High (< 57) 16.7 30.6

* BMD T-score < –2.5. * SD by lowest value at lumbar spine or femoral
neck.
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ry with osteoporosis) also validate previously proposed cut-
points.

In a complementary way with previous studies, where
decision rules were valuable to identify the majority of
women likely to have osteoporosis, our data indicate that in
younger postmenopausal women, decision rules would be
useful as a screening method to rule out the presence of the
disease and the need for BMD scanning. A population-based
study would be valuable to assure the scientific reliability of
our findings.
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