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The relationship of an Asian-specifi c screening tool for osteoporosis to 
vertebral deformity and osteoporosis

Abstract An Asian-specifi c screening tool for osteoporosis, 
the so-called OSTA index, was devised and is likely to be 
helpful in determining which postmenopausal women need 
bone mineral density (BMD) measurement. Besides BMD, 
prevalent vertebral fracture is a strong risk factor for future 
fractures. However, the relationship of the OSTA index to 
prevalent vertebral fractures is currently unknown. In this 
study, we evaluated the performance of the OSTA index in 
elderly Thai women and assessed the relationship of the 
index to prevalent vertebral deformities. Subjects consisted 
of 741 healthy Thai elderly women. BMD was measured by 
DEXA and T-score ≤2.5 SD is defi ned as osteoporosis. 
Prevalent vertebral deformities were determined by 
morphometric X-ray absorptiometry. OSTA index >−1 is 
classifi ed as having low risk of osteoporosis, −1 to −4 as 
intermediate risk and, <−4 as high risk. Data were expressed 
as mean ± SD. The mean age and body weight of subjects 
were 67 ± 4.8 years and 57.8 ± 8.7 kg, respectively. The area 
under the ROC curve for OSTA index to identify osteopo-
rosis at femoral neck and lumbar spine was 0.80 and 0.72, 
respectively. Femoral neck osteoporosis was found in 40.4%, 
6.3%, and 2.4% of subjects with high-risk, intermediate-risk, 
and low-risk OSTA indexes, respectively. With regard to 
vertebral deformities, the area under the ROC curve relat-
ing OSTA index to vertebral deformities was 0.70 (P < 
0.001). The prevalence of vertebral deformities in according 
to the OSTA index was 19.2% in the high-risk, 7.9% in the 
intermediate-risk, and 2.8% in the low-risk group. We con-
cluded that the OSTA index can be of assistance in the 
selection of postmenopausal women for BMD measure-
ment. In addition, this index may be helpful in the identifi ca-
tion of postmenopausal women with vertebral deformity 
and those who need antifracture treatments.

Key words bone mineral density · osteoporosis screening · 
vertebral deformity

Introduction

Osteoporosis is a health problem worldwide. Although 
there are a number of similarities among osteoporosis in 
various countries, a number of differences exist that may 
prevent the generalization of the guidelines for the diagno-
sis and treatment of osteoporosis. The differences among 
Asian populations compared to Caucasians at least include 
the burden of osteoporosis, genetics of osteoporosis, vitamin 
D status, and calcium intake [1–6]. Recently, an Asian-
specifi c tool, the Osteoporosis Self-Assessment Tool for 
Asians (OSTA), has been developed to assess the risk of 
osteoporosis in women [7]. The index is calculated by the 
formula of (body weight − age) × 0.2, multiplying the differ-
ence between body weight in kilograms and age in years by 
0.2, and the decimal digits are disregarded. The risk of 
osteoporosis is classifi ed as high, intermediate, or low 
according to the OSTA index as less than −4, −4 to −1, and 
greater than −1, respectively. The tool has been validated in 
a number of Asian populations and is likely to be helpful in 
determining which postmenopausal women need bone 
mineral density (BMD) measurement [7–10].

Besides BMD, prevalent vertebral fracture is a strong 
risk factor for future vertebral and nonvertebral fractures. 
Most vertebral fractures are asymptomatic, and no current 
strategy to screen for vertebral fractures is available [11–
13]. Although the OSTA index is well correlated to osteo-
porosis according to the measurement of BMD, the 
relationship of the OSTA index to prevalent vertebral frac-
tures is currently unknown. In the present study, we evalu-
ated the performance of the OSTA index in a large sample 
of elderly Thai women and assessed the relationship of the 
index to prevalent vertebral fractures.
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Materials and methods

Subjects consisted of 741 healthy elderly Thai women aged 
between 60 and 88 years who participated in a BMD screen-
ing to recruit subjects for a separate clinical trial investigat-
ing the effect of calcium supplementation for 24 months 
on BMD at Ramathibodi Hospital, Bangkok, Thailand. 
Announcements with regard to the project were made 
through local newspapers, magazines, and an elderly club. 
Almost all the subjects resided in the Bangkok Metropolitan 
area. History taking and basic hematological and biochemi-
cal evaluations were performed in each subject. Hormonal 
evaluations were performed when clinical features sug-
gested hyperthyroidism. Subjects who had a major illness, 
secondary causes of osteoporosis including glucocorticoid 
excess, hyperthyroidism, or hyperparathyroidism were 
excluded. All were ambulatory, nonsmokers, nonalcoholic, 
and had not taken estrogen or other antiresorptive agents 
for more than 6 months before the study. Signed informed 
consent was obtained from each subject before the study.

Body weight was measured with subjects wearing light 
clothes. BMD and morphometric X-ray absorptiometry 
(MXA) were measured by dual-energy X-ray absorptiom-
etry (DEXA) (Lunar Prodigy; Lunar, USA) by a single 
experienced technician. Quality control was done by daily 
calibration and phantom scan. The coeffi cient of variation 
for phantom scan was 0.6% in vivo, and these values were 
1.2% and 1.6% at lumbar spine 2–4 and femoral neck, 
respectively. Cutoff BMD values for the diagnosis of 
osteoporosis were determined by measuring BMD in 205 
healthy premenopausal women aged 20–40 years living in 
Bangkok. Subjects were recruited by advertisement to have 
BMD measurement performed at Ramathibodi Hospital, 
Bangkok. All were healthy as determined by detailed history 
taking. The BMD value corresponding to a T-score of −2.5 
was determined by subtracting the BMD value correspond-
ing to 2.5 standard deviations (SD) from the mean BMD 
value. Subjects were classifi ed as osteoporotic (OP) if their 
BMD was lower than the corresponding cutoff value. 
Otherwise, the subjects were categorized as nonosteopo-
rotic (non-OP).

Morphometric X-ray absorptiometry (MXA) was used 
to provide images of lateral spine for the assessment of 
prevalent vertebral deformities. All subjects were measured 
by lying on their left side with supporters to keep the back 
straight. Both knees were bent at 90° angle with the right 
arm perpendicular to the shoulder and extended at 90° 
angle. The lateral images were scanned from L5 to T4. These 
images were analyzed by using the standard software version 
7.53.002 from L4 to T4 or as many of these vertebrae as can 
be suffi ciently visualized for analysis. A single trained oper-
ator placed six points on the vertebrae and used the manu-
facturer’s software to calculate three values: average height, 
middle height/posterior height ratio (middle wedge), and 
anterior height/posterior height ratio (wedge). Vertebral 
deformities were diagnosed if any vertebral height ratio was 
more than 3 SD below the normal mean as provided by the 
manufacturer.

OSTA index was calculated based on age and body 
weight by the formula:

[body weight (kg) − age (year)] × 0.2

The decimal digits were then disregarded. The partici-
pants were classifi ed according to the OSTA index values: 
less than −4 (high risk), −4 to −1 (intermediate risk), and 
greater than −1 (low risk). For example, a woman 67 years 
old whose body weight was 45 kg would have the OSTA 
index as calculated below:

(45 − 67) × 0.2 = −4.4 

The decimal digit (0.4) was then ignored, and the OSTA 
index was the integer −4. Therefore, this subject is classifi ed 
as high risk.

Receiver operating characteristic (ROC) curve analysis 
was utilized to examine the ability of the OSTA index for 
classifying osteoporosis and nonosteoporosis. In addition, 
the proportion of elderly osteoporotic women with the posi-
tive test (OSTA index ≤−1) and the proportion of elderly 
osteoporotic women with the negative test (OSTA index 
>−1) were presented by sensitivity and specifi city values, 
respectively. Receiver operating characteristic (ROC) curve 
analysis was also used to categorize the vertebral and non-
vertebral deformities by OSTA index values. Data are pre-
sented as mean ± SD.

Results

Characteristics of the subjects are presented in Table 1. The 
mean age and body weight of subjects were 66.9 ± 4.8 years 
and 57.8 ± 8.7 kg, respectively. The percentages of subjects 
with osteoporosis at L1–L4 and L2–L4 lumbar spine, femoral 
neck, and total hip, were 23.9%, 21.9%, 7.4%, and 4.5%, 
respectively. Vertebral deformity was present in 7% of the 
subjects.

Figures 1–4 show the distribution of T-scores at the 
femoral neck, total hip, L1–L4 lumbar spine, and L2–L4 

Table 1. Characteristic of the studied subjects (n = 741)

Characteristics Values

Age (years)  66.9 ± 4.8
Age 60–69 years (n) 532
Age 70–79 years (n) 201
Age 80–88 years (n)  8
Weight (kg)  57.8 ± 8.7
Height (cm) 152.6 ± 5.0
BMI (kg/m2)  24.8 ± 3.6
L1–L4 BMD (g/cm2)  0.92 ± 0.16
L2–L4 BMD (g/cm2)  0.95 ± 0.17
Femoral neck BMD (g/cm2)  0.75 ± 0.11
Total hip BMD (g/cm2)  0.83 ± 0.12
L1–L4 T-score ≤−2.5 177/741 (23.9%)
L2–L4 T-score ≤−2.5 162/741 (21.9%)
Femoral neck T-score ≤−2.5  55/741 (7.4%)
Total hip T-score ≤−2.5  33/741 (4.5%)
Vertebral deformity  52/741 (7%)

BMI, body mass index; BMD, bone mineral density
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lumbar spine, respectively, by OSTA index values. The area 
under the ROC curve for OSTA index to identify osteopo-
rosis at the femoral neck, total hip, L1–L4 lumbar spine, and 
L2–L4 lumbar spine were 0.80 (P < 0.001), 0.85 (P < 0.001), 
0.72 (P < 0.001), and 0.72 (P < 0.001), respectively. Further-
more, this index cutoff of −1 provided a sensitivity of 86%–
94% and a specifi city of 35%–40% whereas the sensitivity 
and specifi city for this index cutoff of −4 were 29%–51% 
and 89%–91%, respectively (Table 2). When using BMD 
at either the femoral neck or lumbar spine to diagnose 
osteoporosis, we found the presence of osteoporosis in 

61.5%, 27.8%, and 10.1% of subjects within the high-risk, 
intermediate-risk, and low-risk groups, respectively. As 
demonstrated in Table 3, osteoporosis at the femoral neck 
was found in 40.4%, 6.3%, and 2.4% of subjects with high-
risk, intermediate-risk, and low-risk OSTA indexes, respec-
tively. At the total hip, the percentage of osteoporosis was 
30.8%, 3.4%, and 0.8% in high-, intermediate-, and low-risk 
OSTA index groups. Likewise, vertebral osteoporosis was 
seen in 59.6%, 27.4%, and 10.1% (at L1–L4 lumbar spine) 
and 53.8%, 25.8%, and 8.9% (at L2–L4 lumbar spines) of 
the corresponding groups.

-4 -1

-2.5 SD 

Fig. 1. Distribution of femoral neck T-scores by the Osteoporosis Self-
Assessment Tool for Asians (OSTA) index values

-4 -1

-2.5 SD 

Fig. 2. Distribution of total hip T-scores by OSTA index values

-4 -1

-2.5 SD 

Fig. 3. Distribution of lumbar spine at 1 to 4 (L1–L4) T-scores by 
OSTA index values

-4 -1

-2.5 SD 

Fig. 4. Distribution of lumbar spine at 2 to 4 (L2–L4) T-scores by 
OSTA index values



50 

With regard to vertebral deformities, the area under the 
ROC curve relating OSTA index to vertebral deformities 
was 0.70 (P < 0.001). The number of vertebral deformities 
by OSTA index score is presented in Fig. 5. The prevalence 
of vertebral deformities according to OSTA index was 
19.2% in the high-risk group, 7.9% in the intermediate-risk, 
and 2.8% in the low-risk group (Fig. 6).

Discussion

Among the various risk factors for osteoporotic fractures, 
BMD is widely used for preventive and therapeutic pur-
poses. Guidelines in various populations have been devised 
for the identifi cation of postmenopausal women in whom 
BMD measurement will be of greater benefi t, including the 
OSTA index intended to be used in Asian populations. The 
index utilizes body weight and age to determine the likeli-
hood of revealing osteoporosis on BMD measurement. 
Besides validation in Japanese postmenopausal women in 
the original report [7], the score has been validated in a 
number of other populations. For example, in Korean post-
menopausal women, the performance of the OSTA in the 
risk stratifi cation of femoral osteoporosis is almost identical 
to that obtained in the original study [9]. Other studies have 

Table 2. Area under the curve (AUC) and the sensitivity and specifi city values of Osteoporosis 
Self-Assessment Tool for Asians (OSTA) index cutoff equal to or less than −1 and less than −4 
for diagnosis of osteoporosis (T-score, ≤−2.5 SD) with BMD at femoral neck, total hip, lumbar 
spine level 1–4 (L1–L4) and level 2–4 (L2–L4)

Site of BMD AUC P value OSTA index Sensitivity (%) Specifi city (%)

Femoral neck 0.80 <0.001 ≤−1 89 35
<−4 51 89

Total hip 0.85 <0.001 ≤−1 94 35
<−4 64 89

L1–L4 0.72 <0.001 ≤−1 86 40
<−4 29 91

L2–L4 0.70 <0.001 ≤−1 86 39
<−4 30 91

Table 3. Distribution of OSTA index based on BMD at femoral neck, total hip, and lumbar spine 
level 1–4 (L1–L4) and level 2–4 (L2–L4)

BMD T-score OSTA index

High risk
<−4
n = 52

Intermediate risk
≤−4, <−1
n = 442

High risk
≥−1
n = 247

Femoral neck
 ≤−2.5 21 (40.4%)  28 (6.3%)  6 (2.4%)
 >−2.5 31 (59.6%) 414 (93.7%) 241 (97.6%)
Total hip
 ≤−2.5 16 (30.8%)  15 (3.4%)  2 (0.8%)
 >−2.5 36 (69.2%) 427 (96.6%) 245 (99.2%)
L1–L4
 ≤−2.5 31 (59.6%) 121 (27.4%)  25 (10.1%)
 >−2.5 21 (40.4%) 321 (72.6%) 222 (89.9%)
L2–L4
 ≤−2.5 28 (53.8%) 114 (25.8%)  22 (8.9%)
 >−2.5 24 (46.2%) 328 (74.2%) 225 (91.1%)

Fig. 5. Number of vertebral deformities according to OSTA index 
values
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also shown the correlation of the OSTA index to calcaneal 
quantitative ultrasound [10], and in Hong Kong women, the 
OSTA score is comparable to quantitative ultrasound in 
identifying women at increased risk of osteoporosis [8]. Our 
present fi ndings also demonstrated a comparable perfor-
mance of the OSTA score in a large cohort of Thai post-
menopausal women. Altogether the results suggest the 
probable generalization of the OSTA index as a screening 
tool for identifying postmenopausal women for BMD 
screening across Asian populations. However, the OSTA 
index may not be appropriate as a diagnostic tool. Recently, 
Pongchaiyakul and colleagues investigated the validity of 
the index in Thai women in Khon Kaen province. The results 
showed that the OSTA index has high sensitivity in the 
identifi cation of osteoporosis in Thai women but that the 
specifi city and the positive predictive value are low [14], 
which was also refl ected in our results.

Besides hip fracture, vertebral fractures are common in 
patients with osteoporosis. The presence of vertebral frac-
tures increases the risk of future hip fractures and vertebral 
fractures [15–17]. Prevalent vertebral fractures are also 
associated with increased morbidity and mortality, which 
may be related to the underlying diseases of patients [18,19]. 
Vertebral fractures can be detected by spinal radiography, 
but the criteria for establishing the diagnosis still varies and 
require further refi nement [20–24]. In the present study, we 
used morphometric X-ray absorptiometry (MXA) to detect 
the presence of vertebral deformities. Although limitations 
exist, MXA has been demonstrated to be a rapid and con-
venient way to assess vertebral deformities [25]. The method 
has good correlation to visual spinal radiography and has 
been suggested to be used as a screening tool for spinal 
radiography [26,27]. Because vertebral fractures can be 
inexpensively detected by spinal radiography or MXA and 
effective interventions are available, it thus appears that 
screening for vertebral deformity should be benefi cial. The 
demonstration in the present study of the relationship of 
the OSTA index to the presence of vertebral deformities 
suggests the utilization of the index as a screening tool for 
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Fig. 6. Prevalence of vertebral deformities according to OSTA index 
group

the need of vertebral deformity assessment in addition to 
that of BMD measurement.

As also shown in the present study, the prevalence of 
vertebral deformities in the OSTA high-risk group was as 
high as 20%. Although the true prevalence of vertebral 
fractures is likely to be lower, because vertebral deformity 
can refl ect developmental variation in vertebral heights or 
pathological fractures, the fi nding emphasizes the impor-
tance of screening of vertebral deformities or fractures in 
such individuals so that appropriate preventive measures 
can be implemented. Moreover, where bone mineral densi-
tometers are not readily available, our fi nding suggests that 
spinal radiography to detect vertebral fractures in those 
who have a high-risk OSTA index should be helpful in 
identifying subjects who need further attention. However, 
screening for prevalent vertebral deformity only in subjects 
with high-risk OSTA indexes will miss a number of post-
menopausal women with prevalent vertebral fractures 
whose OSTA indexes fall in the medium-risk group. Because 
osteoporosis as defi ned by the World Health Organization 
(WHO) criteria is not a perfect determinant of prevalent 
vertebral fractures [28], other risk factors should therefore 
be considered in postmenopausal women with low- to 
medium-risk OSTA indexes to help in the clinical decision-
making process. It should be of note that the present study 
recruited only healthy postmenopausal women, which may 
partly explain the low prevalence of osteoporosis in our 
study and could affect the generalizability of our fi ndings.
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