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Screening all postmenopausal women for low bone mineral
density by dual-energy x-ray absorptiometry (DXA) is
currently not recommended and not cost-effective. Risk
factors for osteoporosis are evaluated to develop a simple
tool for identifying those at increased risk and therefore
should undergo further bone mineral density testing by
DXA.
Materials and Methods: Records of postmenopausal Filipino
women, who had BMD measurements by DXA in the
Department of Nuclear Medicine in a tertiary hospital from
January 2010 to December 2010, were reviewed. Scores
computed based on each of the three clinical prediction
rules (ABONE, OST, NOF) were compared with their
corresponding T-scores obtained from DXA machine.
Validity of the osteoporosis risk indices was evaluated.
Logistic regression analysis and receiver operating
characteristic analysis were used to identify the simplest
tool that would classify subjects at increased risk for low
BMD.
Results: The study population composed of 514
postmenopausal Filipino women with a mean age of 60
years, with DXA data for the femoral neck. The following
were the results obtained regarding the validity of each of
the clinical prediction rule: ABONE 92.9% specific, 20.9%
sensitive, positive predictive value of 80.8%; OST 31.6%
specific, 88.7%sensitive, positive predictive value of 64.9%;
NOF 49.5% specific, 79.1% sensitive, positive predictive
value of 69.1%. A simple algorithm based on the age and
body mass index (BMI) was developed. Age, BMI
osteoporosis scoring tool 59.4%specific, 67.2%sensitive,
positive predictive value of 70.2%. Based on the newly
developed age, BMI osteoporosis scoring tool, patients
with score of 3 or more is likely three times at risk of low
bone mineral density.

Conclusion: Based on the data gathered and analyzed, a
higher percentage of osteopenia/osteoporosis was seen
in the elderly (aged 66-84yrs) and in those with low BMI.
These two variables performed fairly well in identifying
postmenopausal Filipino women at risk for osteoporosis,
hence the development of age, BMI osteoporosis scoring
tool. Other clinical prediction rules including (ABONE,
OST and NOF) evaluated in Caucasians and other Asian
women also performed well in postmenopausal Filipino
women.
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National Osteoporosis Foundation (NOF)

Osteoporosis is a rising problem and currently
a public health concern. This disease entity is

associated with increase in fragility which leads to
pain, deformity and especially disability. Hence, this
results to socioeconomic losses due to the substantial
costs in relation to its outcome, fracture.

Several reasons are available to warrant screening
for this condition. It is one of those diseases in which
screening is beneficial. Even though the concept of
management for postmenopausal osteoporosis is still
the same since many decades ago, emphasis is on
the prevention of fractures in osteoporotic
postmenopausal women. The primary goal of the
clinician is to diminish fracture rates in elderly
women.
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Since osteoporosis has a long preclinical course
before fracture occurs and with the availability of
bone densitometry to establish its diagnosis as well
as pharmaceuticals that have been shown to reduce
fracture risk, with its early diagnosis, preventive
measures can be implemented to avoid decrease in
the quality of life and socioeconomic losses in
women with fracture resulting from osteoporosis.

Several selection criteria are available for use by
clinicians as screening tools for referring women for
bone densitometry. Bone mineral density is measured
by means of Dual-Energy X-ray Absorptiometry
(DXA). At present, still there is no clear cut method
for recommending women who should undergo
DXA testing and eventually be recommended for
treatment because available guidelines are not
sufficiently precise to allow clinicians to decide who
warrants further DXA testing. Due to this, clinicians
are left with the option to test all women for DXA
at the time menopause. However, mass screening of
women for DXA is still not recommended and is
not cost-effective. This study aimed to develop and
validate a simple screening tool in the local setting
to assist physicians in selecting patients for bone
densitometry. These decision rules include: 1. Age,
Body size, No Estrogen (ABONE); 2. Osteoporosis
Self-Assessment Tool for Asians (OST); 3. National
Osteoporosis Foundation (NOF) practice guideline,
and 4. Age, body mass index (BMI) osteoporosis
scoring tool.

Age, Body size, No Estrogen (ABONE) score of
~ 2 is high risk for osteoporosis. Factors being
evaluated in the ABONE scoring tool includes: Age
(score of 1 if >65yrs), Weight (score of 1 if <63.5kg),
Estrogen use (score of 1 if did not use for at least 6
months). Osteoporosis Self-Assessment Tool (OST)
score of <2 is high risk. OST score is computed by
subtracting age in years from weight in kg, then
multiplying the difference by 0.2. National
Osteoporosis Foundation (NOF) includes one point
for each: Age ~ 65yrs, weight <57.6kg, Personal
history of fracture or minimal trauma >40yrs,
Family history of fracture and current cigarette
smoking. NOF score of ~ 1 is high risk. The new
scoring index in this study, age and body mass index
are graded; 2 for age ~ 60yrs and 3 for BMI
<Zfikg z m". A score of ~~ 3 is high risk for
osteoporosis. (Appendix A)

Dual-energy X-ray Absorptiometry (DXA) is
accepted as the most accurate clinical method for
identifying those with low BMD. However,
measurement of bone mineral density (BMD) is not

widely available in some communities. Also, the
cost of BMD determination and lack of
reimbursement may limit its widespread use. This is
where a simple questionnaire would be useful if it
can identify the population at risk for osteoporosis.
Upon identification of the population at risk for
osteoporosis based on a simple risk assessment tool,
these individuals can be subjected to bone mineral
density measurement by DXA. Hence, clinicians can
do away with recommending all their patients to
undergo and pay for BMD testing by DXA, and
instead recommend it to those who are at risk.
Several risk assessment tools for osteoporosis are
available as mentioned earlier, but it is not known
how well they perform in Asian populations,
specifically in Filipinos. Suggestions concerning
who should be tested are quite broad. The National
Osteoporosis Foundation 1998 Practice Guidelines
(revised in 1999) recommend bone mineral density
testing in women considering treatment and who are
aged 65 years or older, and in younger
postmenopausal women considering treatment who
have one or more risk factors for osteoporotic fracture
other than menopause. The recommendation to select
perimenopausal women on the basis of "other risk
factors" is echoed in a number of other guidelines.'

According to the study by Karen F. Mauck, et
al. clinical prediction rules are designed to stratify
patients into risk subgroups by summarizing risk
factors with a point system. The quality of most of
these decision rules has been rated fair or poor, most
often because of methodological limitations. 2

The primary purpose of risk assessment tool for
osteoporosis is to identify most patients at risk, in
whom BMD can then be measured to obtain a
definite diagnosis." Although effective treatments
can reduce fracture risk by about half, it is probably
not possible to restore bone strength fully once the
patient has developed osteoporosis, because much
of the structural loss of bone micro architecture has
become irreversible. Therefore, treatment should
ideally be started when BMD is in the Iower range
of normal before it falls into: the range of
osteoporosis."

MATERIALS AND METHODS
<-

Study Design and Sample- Population
,.. ,~ ,

The database of patients.with DXA bone mineral
density measurements at the Department of Nuclear
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Medicine St. Luke's Medical Center was reviewed.
This database included a risk factor survey on
osteoporosis filled up by the patients before
undergoing DXA testing. Weight and height
measurements were taken and recorded in this
database. Patients seen here either consulted
spontaneously or were referred by the clinicians for
bone mineral density measurement from January to
December 20 I O. The following were the outcomes
recorded in the database: personal data, race, age,
weight, height, age at menopause, medications for
osteoporosis, hormone replacement therapy, personal
and family history of fracture, smoking, alcohol
intake, presence of rheumatoid arthritis and medical
history (comorbids). Inclusion criteria would be 2':6
months since menopause, and hip anatomy suitable
for evaluation by DXA of the hip. Exclusion criteria
included women of any race other than Filipino,
with history or evidence of metabolic bone disease
other than postmenopausal bone loss (including
hyper- or hypoparathyroidism, Paget's disease,
osteomalacia, renal osteodystrophy, or osteogenesis
imperfect), presence of cancer with known bone
metastasis, evidence of significant renal impairment,
oophorectomy, previous bilateral hip fracture or
replacement, and prior use of bisphosphonates,
fluoride, or calcitonin. Sample size was adequate,
as computed from the formula shown in Appendix
F.

Appendix A shows the descriptions of the
different clinical prediction rules as well as their
scoring system assigned by their respective developers.
The number of points was used to identify women
at risk for osteoporosis or low bone mineral density:
ABONE points of 2 or more, OST points of less than
2, NOF points of 1 or more and age, BMI
osteoporosis scoring tool points of 3 or more. Age,
BMI osteoporosis scoring tool gives two points for
those aged 2':60 yrs and a score of three points for
BMI <25kg/m2.

BMD of the femur was measured by dual-
energy x-ray absorptiometry using one machine,
the IDXA-GE Lunar. T-scores were calculated
using the peak reference ranges for young healthy
Asian women provided by the manufacturer to
standardize measurements. T scores were classified
into normal, osteopenia and osteoporosis
(Appendix B). During the statistical analysis, the
osteopenia and osteoporosis were put together
under the "high risk" group, while those with
normal T score values were classified under the
"low risk" group.

Statistical Analysis

Descriptive statistics, which included the mean
and percentages, were computed to describe the
demographic characteristics as well as the presence
of risk factors of the study population (Table 1).
Bone mineral density results of the subjects were also
tabulated into three outcomes: normal, osteopenia
and osteoporosis based on T score values by dual
energy X-ray absorptiometry (Appendix B).

The internal validity of each clinical prediction
rule was evaluated by computing for the sensitivity
and specificity. Sensitivity was defined as the
proportion of the study population with low bone
mineral density correctly identified by the risk index,
and specificity as the fraction of the population who
truly has normal BMD. To evaluate the external
validity of the scoring system, the positive and
negative predictive values for each tool were also
calculated. Positive predictive value (true-positive
findings) comprised of the fraction of the population
identified by the clinical prediction rule as at risk for
osteoporosis and confirmed by low BMD results by
DXA; while negative predictive value (true-negative
findings) included the proportion of study population
with low risk for osteoporosis and truly had normal
BMD results by DXA.

The next step in the statistical analysis was the
development of a simple risk assessment tool
applicable to the postmenopausal Filipino women
included in the study population. A simple
osteoporosis scoring index was made based on the
full regression model then variables were dropped
one at a time from the final model to determine
whether the scoring index can be simplified without
compromising its validity (Appendix C).
Sensitivity, specificity and area under the cur~e were
examined at each step. Analyses resulted to a final
scoring index based on age and BMI only. This
simple osteoporosis risk assessment tool was referred
to as "Age, BMI osteoporosis scoring index" in this
study.

RESULTS

The total number of study population was 514.
Table 3 shows the demographic characteristics of the
study population. Ages ranged from 42 to 84 years,
but the mean age of the population was 60.18 years.
BMI ranged from 13.1 to 61.6 kg/rn", while the mean
BMI was 25.49kg.m2• Overall prevalence of
osteoporosis among the study population was 8.5%.
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Prevalence of osteoporosis/ osteopenia was also
tabulated according to age group and BMI as shown
is Tables 2 and 3. Elderly age group 66-84yrs had
the highest prevalence of osteoporosis/ osteopenia at

Table 1. Demographic characteristic, risk factors for osteoporosis,
bone mineral density status of the study population.

Demographic Characteristic Mean

Age
BMI

60.18 yrs
25.49 kg/rn"

Risk factors n (%)

Fracture after age 40 years
Mother or father with history of fracture
Rheumatoid arthritis
Steroid use
Smoking
Alcoholic beverage drinker

42 (8.2 %)
28 (5.4%)

1 (0.2%)
2 (0.4%)

16 (3.1 %)
8 (1.6%)

Bone mineral density status n (%)

Normal
Osteopenia
Osteoporosis

212 (41.25%)
257 (50%)

45 (8.75%)

Total Population: (n = 514)

71.6%, while those in the lowest BMI group (S;13.1
kg/rn') had the highest proportion of osteoporosis/
osteopenia at 75%.

Three risk indices were evaluated in this study.
Sensitivity, specificity and predictive values of each
osteoporosis scoring tool are shown in Table 4.
ABONE had the lowest sensitivity (20.9%), but with
the highest specificity (92.9%). Its positive predictive
value was 80.8%. OST and NOF practice guidelines
had comparable results, having sensitivity of 88.7%
and 79.1 %, specificity of 31.6% and 49.5%
respectively. Positive predictive values of the OST
and NOF practice guideline were 64.9% and 69.1 %
respectively.

Table 5 shows the performance of the simple Age,
BMI osteoporosis scoring index on postmenopausal
Filipino women with BMD results at SLMC by
DXA. This risk assessment tool yielded fair values
of sensitivity at 67.2%, specificity at 56%, positive
predictive value at 70.2%. On further analysis of
this index based on age and BMI only, risk estimate
value was 3.004 (Table 6).

Comparing the four clinical prediction rules for
osteoporosis included in this study, accuracy of each
risk assessment tool was computed as shown in Table
7. NOF had the highest accuracy at 67% and
ABONE had the lowest accuracy at 51% in Filipino
postmenopausal women with bone densitometry

Table 2. Prevalence of osteopenia/ osteoporosis according to age group.

BMD Status 42-55yrs 56-59yrs 60-65yrs 66-84yrs
n=157 n=108 n=140 n=109

Normal 83 (52.9%) 49 (45.4%) 49 (35%) 31 (28.4%)

Osteopenia/ Osteoporosis "high risk" 74 (47.1%) 59 (54.6%) 91 (65%) 78 (71.6%)

BMD = bone mineral density

Table 3. Prevalence of osteopenia/ osteoporosis according to BMI (kg/rn")

BMD Status :5:13.1kg /rn- 13.2 to 21.9kg/m2 22 to 24.2kg/m2 24.3 to 27.5 kg/rn?
n = 128 n = 124 n = 127 n = 125

Normal 32 (25%) 42 (33.9%) 55 (43.3%) 75 (60%)

Osteopenia/ Osteoporosis 96 (75%) 82 (66.1 %) 72 (56.7%) 50 (40%)

BMD = bone mineral density
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Table 4. Performance of the different clinical prediction rules for osteoporosis in postmenopausal Filipino women with BMD
measurement at SLMC, 2010.

Index Sensitivity (%) NPV (%)Specificity (%) PPV (%)

ABONE 20.9 45.2

OST 88.7

NOF 79.1

92.9 80.8

3l.6 64.9 66.3

49.5 69.1 62.5

ABONE = age, body size, no estrogen; OST = osteoporosis self-assessment tool; NOF = National Osteoporosis Foundation;
PPV = positive predictive value; NPV = negative predictive value

Screening result

Table 5. Distribution of results for age, BMI osteoporosis scoring index.

Total

High risk 203 (67.2%)

T score s -1. 0 (osteopenia/ osteoporosis)

289

T score >-1.0 (normal)

Low risk 99 (32.8%)

Total 302

86 (40.6%)

126 (59.4%) 225

212 514

Performance of the Age, BMI scoring tool for osteoporosis in postmenopausal Filipino women with BMD measurement at
SLMC,201O.

Sensitivity (%) Specificity (%) NPV (%)PPV (%)

67.2 59.4 5670.2

PPV = positive predictive value; NPV = negative predictive value

measurements in SLMC in the year 2010. The new
osteoporosis scoring index fared well in terms of the
accuracy. It had a relatively high percentage of
accuracy at 64%.

DISCUSSION

Since 1994, osteoporosis was based on bone
mineral density measurement by dual-energy X-ray
absorptiometry of the spine, hip or forearm, expressed
in SD units known as T scores. 3 The goal for
determining individuals at high risk for osteoporosis
is the early initiation of treatment enough to prevent
fractures from occurring. However, the use of dual-
energy X-ray absortpiometry is limited by the cost
and lack of the equipment in many communities
worldwide, including in the Philippines, where only
four machines are available to cater our population.

Table 6. Risk estimate* for Age, BMI osteoporosis scoring index

Value Lower Upper

At risk/ Low risk 3.004 2.087 4.326

*95% Confidence Interval

Table 7. Accuracy of each clinical prediction rule.

Clinical Prediction Rule Accuracy (%)

ABONE 51

OST 65

NOF 67

Age, BMI osteoporosis scoring index 64
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Hence, this study was conducted to offer to clinicians
a simple, and probably a cost-effective screening tool
for Filipino postmenopausal women.

From the results tabulated above, it was noted
that age and risk of osteoporosis had a direct
relationship, while BMI and risk of osteoporosis
had an inverse relationship. As shown in the
prevalence of osteoporosis based on age, 71.6% of
those aged 66 to 84 years had low gone mineral
density (osteopenic or osteoporotic). In those with
low BMI «13kg/m2), 75% had a low bone mineral
density status. Most studies evaluated body weight
as a risk factor. In this study, body mass index was
assessed.

Body mass index is one of the few methods used
to estimate a person's body fat percentage. It is a
simple weight-for-height measurement .that is
commonly used to classify underweight, overweight
and obesity in adults. BMI may not correspond to
the same degree of fatness in different populations
due, in part, to different body proportions. The health
risks associated with increasing BMI are continuous
and the interpretation of BMI grading in relation to
risk may differ for different populations. Although
it is an indirect measurement, it has been found to
be a fairly reliable indicator of body fat proportion
in most populations: If the weight alone is used, it
should be taken into consideration that ideal weight
varies considerably for men and women and by age
also, but with estimation of the fat percentage thru
BMI, a minimum percentage difference is considered
safe for good health.

Different diagnostic tests for the same disease
often trade sensitivity for specificity or vice versa. In
general, the more sensitive a test is for a disease, the
higher its false-positive rate, lowering its specificity.
A test with a higher specificity will usually sacrifice
sensitivity by increasing its false-negative rate. This
makes a highly sensitive test ideal for a screening
examination. While highly specific tests are best in
a confirmatory role. 10These statements were evident
in the results of a study by Saeko Fujiwara in
Japanese population." This was also the same with
the results of this study shown in table 4 which
compared the sensitivities and specificities of the
different existing prediction rules. In contrast to the
findings of a study by Lorraine Silver Wallace on
postmenopausal African-American women, ABONE
had a high sensitivity and fairly good specificity. In
this study, ABONE also performed well in a
population of postmenopausal Filipino women. It
had a specificity of 92.9%, but had a low sensitivity

(20.9%). Hence, ABONE in this study population is
a highly specific screening test meaning a positive
test result is good in ruling in the disease. OST and
NOF performed well alsoin postmenopausal Filipino
women, having high sensitivity values shown in Table
4, but with relatively low specificity values. With
high sensitivity values, a negative screening test result
based on OST and NOF rules out an increased risk
for osteoporosis.

After statistical analysis, these two risk factors
for osteoporosis were the ones determined to also
perform well in identifying postmenopausal
Filipino women compared with the other risk factors
assessed by the existing clinical prediction rules. A
scoring tool having only two variables may seem
unusual, since most risk assessment tools include
several variables. However, increased age and
decreased BMI were found out to be associated with
a low bone mineral density status, hence an
increased risk for fracture. In fact, in a study of
osteoporotic fractures by Margolis it was reported
that body weight is a useful predictor of hip and
other non-spine fractures when BMD has not been
measured. II Other researches supporting the results
of this study include the one done in a population
of almost 7000 women in France. The said study
concluded that scoring tool assessing only body
weight performed as good as a scoring tool with 6
risk factors for classifying women with very low
femoral neck BMD.12 However, the study was
limited to body weight only since they found out
that age had no contribution to the risk for low
bone mineral density. Another scoring tool known
as the osteoporosis risk assessment index (ORAl)
which was developed in Canadian postmenopausal
women also evaluated age, body weight and use of
estrogen. The researcher noted that ORAl had a
sensitivity of 90-93%.13

Age, BMI osteoporosis scoring tool performed
fairly well compared with the other risk assessment
tools, in terms of both the sensitivity (67.2) and
specificity (59.4%). On further analysis of the data,
risk estimate value was determined in the population
using this scoring tool. It means that if the subject
was found to be at risk for osteoporosis based on
the Age, BMI osteoporosis scoring tool, then the
subject has an estimate of three times higher risk for
low bone mineral density. This tool, hence, can be
of use to clinicians to determine those at risk .for
low bone mineral density and then subject these
individuals for bone densitometry to confirm
osteopenia or osteoporosis. This will probably result
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to lower costs for the patients and therefore they may
allocate their budget to other health-related expenses,
without compromising their bone mineral density
status.

CONCLUSION

In conclusion, the Age, BMI osteoporosis
scoring tool based on the said two variables
performed fairly well in identifying patients among
postmenopausal Filipino women who are at risk
for low BMD and would warrant a bone
densitometry. Hence, giving this gives clinician an
option to do away with subjecting all
postmenopausal Filipino women to bone
densitometry. Other clinical prediction rules tested
in Caucasian and Asian populations also had good
performance in screening postmenopausal Filipino
women. Osteoporosis self-assessment tool and
National Osteoporosis Foundation guidelines can
be used to identify those Filipino postmenopausal

women at risk for osteoporosis. However, Age,
body weight, no estrogen (ABONE) screening tool
with positive results in postmenopausal Filipino
women is more significant than those with negative
results, hence ruling in the disease.

Like in most other researches, the result of this
study has its own limitations. There can be
inaccurate reporting of the variables evaluated in
the different clinical prediction rules reducing the
ability of predicting BMD status of the individual.
But as mentioned earlier in the discussion, this
scoring index based on age and BMI had a
comparable performance with the other scoring
tools since age and BMI are information available
in all women and can be measured accurately /
objectively, and not only based on reporting of the
subjects. Hence, as part of the recommendation of
this study, we are encouraging researchers to do a
more analytical study (cohort) in postmenopausal
Filipino women for a more conclusive outcome and
stronger relationships between the risk factors and
osteoporosis.

Appendix A. Description and scoring system of the clinical prediction rules used to identify postmenopausal Filipino women
at risk for low bone density iosteoporosis.

Clinical Prediction Rules6 Criteria

Score 22

Age: 1 if >65yrsAge, Body size, No Estrogen (ABONE)

Weight: 1 if <63.5kg
Estrogen use: 1 if never used oral contraceptive or estrogen therapy for
at least 6 months

Osteoporosis Self-Assessment Tool (OST)

Score <2

Body weight in kg and Age in years

0.2 (body weight - age)

National Osteoporosis
Foundation (NOF)

One point each for:
Age 265 yrs

Score 21 Weight <57.6 kg

Personal history offracture: minimal trauma fracture >40 y
Family history offracture
Current cigarette smoking

Age, BMI Osteoporosis Scoring Tool 2 if 260 yrs

BMI: 3 if <25kgim2Score 23 Age:
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Appendix F. Sample size determination.

Bone Mineral Density

Appendix B. T score classification based on WHO criteria.

T Score

n=

Osteopenia >-l.0 to -2.5

-I SD or higherNormal

Osteoporosis -2.5 or lower

Risk factor

Appendix C. Univariate analysis of the risk factors for osteoporosis.

SignificancePearson Chi square
(p value*) (PI-P2)2

Personal history offracture
Family history offracture
Cigarette smoking
Alcohol beverage drinker
Use of steroids
Rhematoid arthritis
Use ofHRT
Age >60yrs
BMI <ZSkg z m?

0.277
0.541
0.757
0.607
0.801
0.402
0.063
0.000
0.000

insignificant
insignificant
insignificant
insignificant
insignificant
insignificant
insignificant
significant
significant

Where: Z1-a. = alpha error = 0.05 = 2.58

Z 1-~ = Power = 90% = 1.96

Multivariate analysis ofrisk factors for osteoporosis

Age >60yrs
BMI <25kg/m2

0.000
0.000 Q= I-P

significant
significant

*p value s 0.05 = significant, otherwise it is insignificant

Appendix D. Logistic regression analysis variables in the equation.

95.0% c.r. for EXP (B)
B S.E. Sig. Exp (B) Lower Upper

Step 7a Age grp2 (I) .839 .193 .000 2.315 1.587 3.375
BMI 3 (1) 1.160 .192 .000 3.190 2.190 4.645
Constant -.656 .170 .000 .519

a. Variables entered on step 1: Personal history of fracture at age ~40yrs, Family history of fracture, Smoking, Alcoholic
beverage drinking, Age group, BMI, Use of steroids

Appendix E, Area under the curve (AUC)

Test result variables for Age, BMI osteoporosis scoring tool

Asymptotic 95% Confidence interval

Area Std. Error" Upper Bound

.682 .024

Asymptotic Sigb Lower bound

.000 .635 .728

The test result variable(s) has at least one tie between the positive actual state group and the negative actual state group. Statistics
may be biased.
a. Under the non-parametric assumption
b. Null hypothesis: true area = 0.5
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