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Abstract
Summary Osteoporosis in elderly men is an under-recognized
problem. In the current study, we intend to look at the perfor-
mance of two risk assessment tools [OSTA andMORES] for the
diagnosis of osteoporosis. Osteoporosis was seen in 1/4th of
elderly men at spine and 1/6th of them at femoral neck. Both
risk assessment tools were found to have good sensitivity in
predicting osteoporosis at spine and femoral neck with good area
under curve (AUC).
Purpose This study attempts to look at the performance of oste-
oporosis self-assessment tool for Asians (OSTA) and male oste-
oporosis risk estimation score (MORES) for predicting osteopo-
rosis in south Indian rural elderly men.
Methods Five hundred and twelve men above 65 years of age
from a south Indian rural community were recruited by cluster
random sampling. All subjects underwent detailed clinical, an-
thropometric, and bone mineral density measurement at lumbar
spine and femoral neck using dual-energy X-ray absorptiometry
scan. ATscore ≤ − 2.5was diagnostic of osteoporosis. Scores for
OSTA andMORESwere calculated at various cut offs, and their
sensitivities and specificities for predicting osteoporosis were
derived.
Results The prevalence of osteoporosis was found to be 16% at
femoral neck and 23% at spine. OSTAwith a cut-off value of ≤2
predicted osteoporosis with a sensitivity and specificity at lumbar
spine of 94 and 17% and at femoral neck of 99 and 18%. The
area under ROC curve for OSTA index for spine was 0.716 and
for femoral neck was 0.778. MORES with a cut-off value of ≥6
predicted osteoporosis at spine with a sensitivity of 98% and

specificity of 15%, and at femoral neck, they were 98 and
13%, respectively. The area under ROC curve for MORES for
spine was 0.855 and for femoral neck was 0.760.
Conclusion OSTA andMORESwere found to be useful screen-
ing tools for predicting osteoporosis in Indian elderlymen. These
tools are simple, easy to perform, and cost effective in the context
of rural Indian setting.

Keywords Osteoporosis inmen . OSTA .Mores . Screening
tool, India

Introduction

Osteoporosis in men is an under-recognized public health
problem in an Indian context. Its incidence is showing a rising
trend due to an increase in the life expectancy [1]. There is an
increased risk of morbidity and mortality among the elderly
people with an osteoporotic fracture, the risk being more in
men when compared to women [2]. About 100 million Indian
men are above the age of 50 years. Two third of this popula-
tion is in the rural areas of India [3]. The prevalence of oste-
oporosis in men with age above 50 years, in various parts of
India has been reported from 8 to 25% [4–6].

Measurement of the bone mineral density (BMD) by dual
energy X-ray absorptiometry (DXA) scan is considered as the
gold standard test for the determining bone strength and also is
the best predictor for assessing the risk of fractures [7, 8].
There are about 300–350 DXA scanners available in India
and most of them are located in cities. They are expensive
and not accessible to most of the rural population. So, there
is a need for usage of more simple screening tools for assess-
ment of the osteoporosis risk. There are simple screening tools
incorporated with various risk factors which have been used in
other countries to predict the risk of osteoporosis, like body
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weight criterion (BWC), Garvan fracture risk calculator
(GARVAN), male osteoporosis screening tool (MOST), oste-
oporosis Self-Assessment Tool for Asians (OSTA), and male
osteoporosis risk estimation score (MORES) [9–11].
Recently, a study from north India documented a poor sensi-
tivity for FRAX when compared to OSTA as a screening tool
for the assessment of the risk of osteoporosis [11]. There is
paucity of studies in this regard from the rural elderly popula-
tion of India. So, we attempted to study the predictive ability
of two screening tools (OSTA and MORES) in assessing the
risk of osteoporosis in rural south Indian men.

Materials and methods

This was a cross sectional study conducted over a peri-
od of 1 year from Jan 2015–Dec 2015. Ambulatory men
with age more than 65 years from three villages of
Vellore district of Tamil Nadu in southern part of
India were recruited in the study by cluster random
sampling. Written informed consent was taken from all
the subjects enrolled in the study. The study protocol
was approved by the Institutional Ethics Review Board.

Men with a history of hyperthyroidism, hyperparathy-
roidism, hypogonadism, malabsorption, chronic liver
disease or renal disease, and those on medications such
as antiretroviral therapy, anti-tuberculous therapy, or an-
ticonvulsants which can affect the bone health were ex-
cluded. Subjects with prior diagnosis of osteoporosis or
history of treatment for osteoporosis were also excluded.
The details of the subject with respect to demographics,
detailed medical history, and anthropometry including
height and weight were noted by a trained social work-
er. Height was measured on wall mounted stadiometer
and weight on a digital weighing scale.

BMD was assessed using the Hologic DXA QDR
4500 Discovery A machine at the lumbar spine and
femoral neck by the same technician with the precision
of 2% at both the measured sites (spine and neck of
femur). The WHO classification was used for categori-
zation of BMD; lowest T score, osteoporosis ≤−2.5,
osteopenia, or low bone mass −1 to −2.5 and normal
as >−1 [12]. The OSTA index was calculated for each
subject by using the formula [wt (kg) – age (yr)]/5. An
OSTA index value of ≤2 was taken for assessment cut
off to predict osteoporosis. Various cut off values of
OSTA were assessed to predict osteoporosis at spine
and femoral neck. MORES takes into account the age,
weight, and history of chronic obstructive pulmonary
disease (COPD) with each component being allotted
point score and the final score (MORES of ≥6 points
was considered significant) being the summation of all
the components as shown below [13].

Age (years) Cut off points

≤55 0

56–74 3

≥75 4

Weight (kgs)

≤70 6

71–80 4

≥80 0

COPD present 3

Sample size calculation

Based on previous studies, a sample size of 500 was needed
where the prevalence of osteoporosis was 20% in elderly men
with an alpha error of 5% and a power of 90% [4, 5].

Statistical analysis

Statistical analysis was done using SPSSv.16. software (IBM
Corp., USA). Receiver operating characteristic (ROC) curve
was constructed to look at various sensitivities and specific-
ities for 2 screening tools (OSTA and MORES) for the diag-
nosis of osteoporosis at either site (T score ≤−2.5) or which
will better predict osteoporosis. Various cut-offs of OSTA and
MORES in relation to sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV) were
estimated.

Results

Five hundred twelve elderly men above the age of 65 years
were included in the study. The mean ± SD for age, weight,
and BMI were 71.9 ± 5.2 years, 73.6 ± 8.7 kg and
25.8 ± 4.2 kg/m2, respectively. Overall, the prevalence of os-
teoporosis was 23% at spine and 16% at femoral neck.

An OSTA index with a cut-off of ≤+2 predicted the risk of
osteoporosis with a sensitivity of 94% and specificity of 17%
at spine and at femoral neck with a sensitivity of 99% and
specificity of 18%. The area under ROC curve for OSTA
index for spine was 0.716 and for femoral neck was 0.778.
Various cut-off values for OSTA and MORES for predicting
osteoporosis at spine with their sensitivities, specificities,
PPV, and NPV are shown in Fig. 1 and for femoral neck in
Fig. 2. The MORES with a cut-off of ≥6 predicted osteoporo-
sis with a sensitivity of 98% and a specificity of 15% at spine,
and they were 98 and 13%, respectively, at femoral neck. The
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area under ROC curve for MORES for spine was 0.855 and
for femoral neck was 0.760.

Discussion

To best of our knowledge, it is first study from rural India in
elderly men to look at the validity of screening tools (OSTA
and MORES) in predicting osteoporosis. About one fifth of
men had osteoporosis at spine and one sixth at femoral neck
which is comparable to previous studies [4–6]. In our study,
OSTA index with a cut-off value of ≤2 and MORES with a cut
off value of ≥6 predicted osteoporosis with a good sensitivity at

spine and femoral neck at the cost of low specificity. A cut off
value of +1 for OSTA had a better specificity (27%) at both sites
without compromising sensitivity.

OSTA is a screening tool, although there was no single
exact cut-off value which could predict osteoporosis with
good sensitivity and specificity. Various cut-off values have
been studied with different population and ethnicities and
have been validated in various ethnic groups like oriental
postmenopausal women [14, 15], elderly Caucasian women
[16], US veteran men [17], and elderly Chinese men [18]. A
north Indian study showed that OSTA index with a cut-off
value ≤2 predicted osteoporosis with a sensitivity of 95.7%
and specificity of 33.6% and was better than FRAX [11]. A

Fig. 1 Lumbar spine T score threshold ≤−2.5
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recent meta-analysis of the studies that look into the perfor-
mance of OSTA showed that a cut-off threshold of 3 had a
sensitivity and specificity of 88 and 55%, respectively [19].

MORES is another validated cost-effective screening tool
and was considered superior when compared to FRAX for
predicting osteoporosis in men. MORES with a cut-off value
of ≥6 in predicting osteoporosis with remarkably high sensi-
tivity shown in our study has been demonstrated previously
[10, 13]. Although, MORES has an additional component of
COPD, in addition to the age and weight in the criterion, its
performance was almost same as OSTA.

Osteoporosis in elderly rural Indian men is an under-
recognized public health problem. With the rapid changes in
the adaptation of life-style and an increase in the life expec-
tancy, osteoporosis in men will be a major public health issue.
Though BMD measurement by DXA scan is considered as

gold standard for diagnosis, its utility in developing countries
particularly in rural areas is limited because of the lack of
availability and high cost of the DXA equipment. Simple
cost-effective screening tools will be thus be helpful for the
primary care physicians particularly in rural areas, for detect-
ing individuals at risk of osteoporosis and fractures.

So, the results of this study show that both OSTA and
MORES can perform well as screening tools in deciding
which subset of subjects needs DXA scan for the assessment
for risk of osteoporosis.

Conclusion

OSTA and MORES were better cost effective screening tools
in predicting osteoporosis in rural elderly Indian men.

Fig. 2 Femoral neck T score threshold ≤−2.5
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However, these results need to be validated by large follow-up
cohort studies.
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