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Performance of osteoporosis self-assessment tool in
detecting low bone mineral density in menopausal women

Ignatio Rika Haryono* and Nawanto Agung Prastowo*

BACKGROUND
The osteoporosis self-assessment tool (OST) is a simple screening tool
to assess risk of osteoporosis and to select high risk women for dual-
energy x-ray absorptiometry (DXA) examination. This study aimed to
evaluate OST performance in detecting low bone mineral density (BMD)
in menopausal women.

METHODS
A cross-sectional study involving 60 menopausal women aged 50-65
years. The OST score was calculated from: [weight (kg) – age (yr)] x
0.2. Subjects were classified by OST score into low risk (OST ≥2) and
high risk (OST< 2) groups. BMD was determined by DXA at 3 bone
locations (L1-L4, femoral neck, and total hip). DXA T-scores were
categorized into: normal BMD (T-score >-1) and low BMD (T-score ≤-
1). Independent t-test was used to compare subject characteristics
between OST groups. Diagnostic performance of OST was evaluated
by measuring sensitivity, specificity, positive & negative predictive value
(PPV, NPV), positive & negative likelihood ratio (PLR, NLR) and
receiver-operating characteristic (ROC). Significance was set at p<0.05.

RESULTS
Subject characteristics and BMD between groups were significantly
different (p<0.05). Most subjects (44/73.3%) had high risk of low BMD
(OST < 2). Low BMD (T score ≤-1) was found in 43 subjects (71.7%)
at L1-L4, 41 subjects (68.3%) at femoral neck, and 37 subjects (61.7%)
at total hip. Diagnostic performance of OST was significant at total hip
BMD (sensitivity=0.946, AUC=0.777).

CONCLUSION
We conclude that use of the OST score in menopausal women is effective
and has adequate sensitivity and specificity. The highest diagnostic
performance of OST is on total hip BMD.
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INTRODUCTION

Reduced bone mineral density, in the form
of osteopenia or osteoporosis, frequently occurs
in menopausal women. The prevalence of
osteoporosis in menopausal women is up to
35.5%-44%,(1,2) and differs according to the
location of the bones. In Indonesia the prevalence
of osteopenia is highest at the femoral neck
(45.8%) and lowest at the distal radius (23.2%),
whereas the prevalence of osteoporosis is highest
at the distal radius (30%) and lowest at the
femoral neck (4.9%).(3)

Bone mineral density is associated with
several risk factors, i.e. age, menopause, body
weight, and body mass index (BMI). The
majority of studies show a correlation of body
weight, BMI, and age with bone mineral
density.(4,5) Elderly females with low body weight
and BMI have lower bone mass. Another risk
factor is socio-economic status. Osteoporosis is
more frequent in females of lower economic
status.(6,7)

To find patients with newly acquired
osteoporosis in Indonesia is not easy because of
the still limited access to dual-energy x-ray
absorptiometry (DXA). There are several factors
limiting access DXA examination i.e. the
relatively high cost of the examination,
particularly for community groups with low
economic status, the limited number of hospitals
possessing DXA equipment, their location in
large cities only, and the relatively great distance
to these hospitals. It has been estimated that there
are only 65 hospitals in Indonesia that possess
DXA equipment. With the total size of the
population of up to 250 million, the ratio of the
number of the equipment to the population is
less than 0.1 per million population.

The limited access to DXA examination
results in the actual number of patients with
osteoporosis being much larger than reported by
the studies. In addition, there should be a
selection for females with low bone mineral
density for DXA examination. Several tools have
been developed for evaluating the individual risk

for osteoporosis that can be used for screening
for DXA examination. The most frequent risk
factors used in those tools are among others body
weight, age, use of estrogens, and fractures.(8-10)

One of the most easily used tools that
nevertheless has relatively high sensitivity (up
to 90%) is the osteoporosis self-assessment tool
(OST).(11)

The osteoporosis screening tools take only
body weight and age into account.(8-10) There are
several other tools that incorporate more risk
factors, eg. the Simple Calculated Osteoporosis
Risk Estimation (SCORE), Osteoporosis Risk
Assessment Instrument (ORAI), Osteoporosis
Index of Risk (OSIRIS), and WHO Fracture Risk
Assessment (FRAX). In addition to body weight
and age, these tools also incorporate several other
risk factors, e.g. height, gender, ethnicity, and
use of hormones. FRAX is the tool comprising
the highest number of risk factors of up to 11
items. In spite of this, both meta-analytic studies
and systematic reviews have shown that the
sensitivity of these tools is not higher than or
equal to that of OST.(11,12) Furthermore, the
performance of OST does not show consistent
results, its sensitivity being higher than its
specificity or vice versa.(13)

The present study was carried out to
evaluate the performance of OST in a more
specific manner i.e. by measuring the BMD of
the bones according to location. Referrals for
DXA examination generally come from clinics
or hospitals. In the present study referrals for
DXA examination were obtained by directly
visiting the community groups without access
to DXA examination, so as to obtain data from
a valid number of patients with low bone mass.

METHODS

Design of the study
This study of cross-sectional design was

carried out at 3 posyandu (integrated health care
posts) in Tanah Merah and Luar Batang villages,
North Jakarta, and in Cengkareng, West Jakarta
from August 2014-January 2015.
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Subjects of the study
The subjects were 60 menopausal women

aged 50-65 years who were members of an
elderly group under the guidance of the Faculty
of Medicine, Indonesia Catholic University of
Atma Jaya, Jakarta. The sample size was
determined using the formula for area-under-the
curve (AUC) diagnostics i.e.:

where Zα=1.64, Zβ=1.28, AUC
1
=0.7, AUC

2
=0.8.

With an estimated number of 10% drop-outs, the
total sample size required was around 70. The
sample selection flow may be seen in Figure 1.
From 112 subjects, 30 subjects did not meet the
inclusion and exclusion criteria and 22 subjects
did not agree to undergo BMD examination, for a
variety of reasons, such as having no time and
being afraid of the side effects of the examination.
The inclusion criteria were menopausal women
aged 50-65 years, having attended the posyandu
for 3 months consecutively, and having
experienced menopause for 12 months or more.
The exclusion criteria were smoking, being under
steroid and hormonal treatment, consuming
vitamin D and/or calcium supplements, having
experienced fractures, and suffering from chronic
disease. The inclusion and exclusion criteria, and
demographic data were obtained through
questionnaire-based interviews.

Measurements
Anthropometric measurements were

performed in the service ward of each posyandu
by a physician. Body weight was determined on
the minimally clothed subjects, using SECA
digital portable scales (SECA, Germany) with
an accuracy of 0.1 kg. Height was measured in
the Frankfort position without footwear by
means of a wall mounted stadiometer with an
accuracy of 0.5 cm. Body mass index (BMI) was
determined by dividing the weight (in kilograms)
by the square of the height (in meters) and
expressed in kg/m2.
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The OST score was calculated with the formula:
0.2 x [body weight (in kilograms) - age (in
years)]. For example, a female person aged 50
years and weighing 65 kg, has an OST score of
0.2 (65-50) = 3. The OST scores were
categorized with the cut-off value of 2; the BMD
was normal if the OST score was ≥2, and low if
the OST score was <2.(8,11,12)

BMD examination
BMD examination was performed in Siaga

Hospital, South Jakarta, using standard DXA
equipment (Lunar Prodigy DF+301251, GE
Healthcare, USA). Examination and reading of
the results was performed by a radiologist. The
locations of the bones to be examined were
according to the recommendations of the
International Society for Clinical Densitometry,
i.e. the vertebral column (L1-L4), left femoral
bone (femoral neck), and total hip.(14) The BMD
examination yielded the BMD (g/cm2) and T
scores. The T-score was used as a criterion for
determining the BMD classification according
to WHO standards, i.e. osteopenia if T-score
between between (-2.5) - (-1.0) and osteoporosis
if T-score <-2.5.(15) For statistical analysis the
subjects were grouped according to the T-score,
with a cut-off of -1; BMD was low if T-score ≤-
0.1, and BMD normal if T-score > -0.1.

Statistical analysis
Numerical data were expressed as mean

(standard deviation) and categorical data were
expressed as values and percentages. The
unpaired-t test was used for comparison of the
mean between the low-risk group (OST >-1) and
the moderate-high risk groups (OST <2).
Evaluation of the OST performance was by
calculating the sensitivity, specificity, positive
likelihood ratio (PLR), negative likelihood ratio
(NLR) and area under the ROC curve (area under
the curve-AUC). The positive likelihood ratio is
the probability of a positive OST in subjects with
low BMD in comparison with subjects with
normal BMD, whereas NLR is the probability
of a negative OST in subjects with normal BMD
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as compared to subjects with low BMD. The
sensitivity, specificity, PLR, and NPR are
considered to be good if the sensitivity and
specificity is up to 90% or more, the PLR more
than 10 and the NLR less than 0.1. The AUC
value for diagnostic ability is considered to be
sufficiently good if it is ≥0.700. The significance
level was determined at p<0.05. Statistical
analysis was performed with SPSS version 17.0
for Windows (SPSS Inc., Chicago, Il.,USA).

Ethical clearance
Ethical clearance was granted by the ethics

committee of the Faculty of Medicine, Unversity
of Indonesia and Cipto Mangunkusumo Hospital
(679/UN2.F1/ETIK/2014). The subjects
provided written and signed informed consent.
The identity of the subjects was kept confidential
and used only for the purpose of the study.

RESULTS

A total of 60 subjects met the inclusion and
exclusion criteria and agreed to undergo DXA
examination. The majority of the subjects (44
or 73.3%) were at high risk for low bone mass
(OST score <2). Subject characteristics and
BMD between the two OST groups were
significantly different (p< 0.05). In the low risk
group, mean BMD at 4 bone locations was in
the normal category, whereas in the high risk
group, mean BMD was in the categories of
osteopenia (femoral neck, trochanter, and total
hip) and osteoporosis (lumbar spine). Low BMD
(T score ≤-1) was most frequent in the lumbar
spine (Table 1).

Table 2 shows the OST performance in
evaluating low BMD risk in post-menopausal
women aged 50-65 years. OST sensitivity was

Table 1. Comparison of subject characteristics and BMD between normal and at risk groups

BMD= bone mineral density; OST= osteoporosis self-assessment tool

Table 2. Validity of OST at each bone location

BMD= bone mineral density; CI= confidence interval; NLR= negative likelihood ratio; PLR= positive likelihood ratio
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sufficiently good for the BMD values of the
trochanter and total hip. OST specificity was
sufficiently good for total hip BMD. The PLR
and NLR values were low at all BMD locations.
According to the area under the curve (AUC),
OST has lower diagnostic value in the BMD of
the lumbar spine, trochanter and femoral neck.
The diagnostic value of OST was significant only
for total hip BMD (Table 3).

DISCUSSION

The results of the present study show that
OST functions as a fairly good tool for evaluating
low BMD risk in menopausal women aged 50-65
years. OST performance showed a sensitivity in
the range between 81-95%, specificity 47-61%,
PLR and NLR in the range between 1.54-2.42
and 0.09-0.39. However, according to the ROC
area, OST performance was only significantly
different for total hip BMD (AUC=77.7%).

These study results differed from those of
a study in Thailand, which showed OST
sensitivity and specificity of 36-48% and 71-
75%, respectively. The subjects of the Thai study
were menopausal women aged 45-87 years and

the OST cut off value was -1.(13) Similar results
were found in Argentinian studies, in which the
subjects were menopausal women aged 50 years
and older and the OST cut off score was 2. The
results showed sensitivity and specificity values
of 84% and 44%, respectively.(16) The sensitivity
and specificity may have been influenced by the
younger age of the subjects and the lower cut
off value. In subjects less than 50 years old, the
bone mass may not have decreased to a great
extent, so that the majority of the subjects still
had normal BMD values. Negative OST scores
may decrease the number of subjects who fall in
the high risk category because the age of the
subjects should be greater than their body weight
or their body weight should be less than their
age.

The OST performance differed according
to bone location. The results of the present study
showed the highest sensitivity and specificity for
total hip. Several previous studies have found
similar results. A study in Malaysia on
menopausal subjects measured the OST
performance in the proximal femur and lumbar
spine, and found that the sensitivity in the
proximal femur was higher (87.5% vs 47.8%).(17)

The aforementoned study in Thailand also
reported a higher sensitivity for BMD of the
femur (40.6% vs 36.2%).(13) Total hip in the
present study comprised the femoral neck and
trochanter, which are also parts of the proximal
femur. The OST sensitivity was highest for BMD
of the proximal femur or total hip because in
these regions the cortical bone thinned out more
rapidly as a result of aging and underwent
fractures.(18)

Table 3. Area under the receiver operating
characteristic curve

AUC= area under the receiver operating curve; BMD= bone
mineral density; CI= confidence interval
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Figure 1. Sample selection flow
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The number of subjects with low BMD in
the present study was substantial. According to
bone location, low BMD was most frequent in
the lumbar spine. Similar results were obtained
in several previous studies.(13,17,18) However, the
percentage of subjects with low BMD in the
present study was relatively high as compared with
the aforementioned studies, and even with a
previous study in Indonesia.(3) The difference may
be the result of differences in T score cut off
values, subject characteristics, type of DXA
equipment and their operators.

In addition to OST, there are several
screening tools that are used for evaluating the
risk of low bone mass and fractures. These
screening tools have been developed by
incorporating other risk factors besides age and
body weight. The Fracture Risk Assessment Tool
(FRAX) incorporates the greatest number of risk
factors, among others gender, use of estrogens,
glucocorticoids, smoking, alcohol, history of
fractures, and rheumatoid arthritis. The Simple
Calculated Osteoporosis Risk Estimation
(SCORE) incorporates the factors of race,
history of fractures, use of estrogens and
rheumatoid arthritis. The Osteoporosis Risk
Assessment Instrument (ORAI) incorporates
only the use of estrogens.(8,10) Several studies
have been conducted to compare the efficacy of
these tools. The study by Pecina et al.(8) showed
that the sensitivity and AUC were 36% and 55%
respectively for FRAX, 74% and 58% for
SCORE, 56% and 63% for OST, and 52% and
60% for ORAI.(8) The study by Rubin et al, (10)

comparing FRAX and other tools, found that the
performance of FRAX and the other tools were
not much different, with the AUC ranging
between 70.3%-72.2%.(10) These studies have
demonstrated that the increase in added risk
factors in these tools did not add to the
performance in evaluating the risk of low bone
mass. Age and body weight are the most
influential risk factors for osteoporosis (4,5,19) so
that the other factors added to these screening
tools could not much increase their performance.

Body weight is considered to have a
protective effect on osteoporosis. The influence

of body weight on bone mass is caused by
physiological load, mechanical load, and
endocrine effects.(20-22) However, the protective
effect of body weight on reduced bone mass has
to date been questioned. The study by Greco et
al (23) on overweight and obese subjects showed
that 33% of female subjects and 45% of male
subjects possess lower BMD.(23) It is thought that
at a certain degree of obesity, because of the
influence of interleukin and tumor necrosis factor
(TNF), the adipocytes may change into
osteoclasts that play a role in bone resorpstion
and reduced bone mass.(20-22)

The present study has several limitations.
First, there are no data on several risk factors
that affect bone formation and bone mass, such
as the level of physical activity and exposure to
sunlight. Second, the subjects comprised a
relatively homogenous group with regard to
ethnicity and social status, which are risk factors
for low bone mass.

The screening tools for evaluating the risk
for osteoporosis are important for the efficiency
and efficacy of DXA examinations, which are
still costly and unaffordable. There have been
many studies on the performance of the tools in
detecting the risk of low bone mass. The simple
screening tools showed an identical or greater
performance as compared with the more complex
tools. The use of OST for screening of risk
groups is very easy so that it can be carried out
not only by medical personnel but also by trained
health cadres. In addition, there are many
different ethnic groups and socio-economic
classes in Indonesia. There is a need for studies
on elderly groups in each province and of various
socio-economic classes to find the prevalence of
low BMD and simultaneously test the
performance of OST in subjects of different
ethnic and socio-economic groups.

CONCLUSION

This study demonstrated that use of the OST
score in postmenopausal women was effective and
had adequate sensitivity and specificity.
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