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Abstract
Purpose This study aimed to evaluate the performance of valid risk assessment models developed for osteoporosis/ fracture 
screening to identify women in need of bone density measurement in a population of Iranian elderly women.
Methods This study was performed using the data of Bushehr Elderly Health (BEH) program, a population-based cohort 
study of elderly population aged ≥ 60 years. Seven osteoporosis risk assessment tools, including Osteoporosis Risk Assess-
ment Instrument (ORAI), Malaysian Osteoporosis Screening Tool (MOST), Osteoporosis Prescreening Risk Assessment 
(OPERA), Osteoporosis Prescreening Model for Iranian Postmenopausal women (OPMIP), Osteoporosis Index of Risk 
(OSIRIS), and Osteoporosis Self-Assessment Tool for Asians (OSTA), as well as Fracture Risk Assessment Tool (FRAX) 
were included in the study. By using osteoporosis definition based on BMD results, the performance measurement criteria of 
diagnostic tests such as sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and Youden 
index for each model were calculated and the models were compared.
Results A total of 1237 female participants with the mean age of 69.1 ± 6.3 years were included. Overall, 733 (59%) partici-
pants had osteoporosis, and about 80% had no history of fracture. The sensitivity of the seven models ranged from 16.7% 
(OSIRIS) to 100% (ORAI and MOST) at their recommended cut-off points. Moreover,their specificity ranged from 0.0% 
(ORAI and MOST) to 78.9% (OSTA). The FRAX and OPERA had the optimal performance with the Youden index of 0.237 
and 0.226, respectively. Moreover, after combining these models, the sensitivity of them increased to 85.4%.
Conclusion We found that the FRAX (model with 11 simple variables) and OPERA (model with 5 simple variables) had the 
best performance. By combining the models, the performance of each was improved. Further studies are needed to adopt the 
model and to find the best cut-off point in the Iranian postmenopausal women.
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Introduction

Osteoporosis (OP) is a metabolic disease of the skeletal 
system, defined as low bone density and susceptibility to 
fracture [1]. Osteoporosis is a silent disease and symptoms 
of pain and fractures occur in advanced stages [2]. The frac-
tures impose a remarkable burden and cost on individuals 
and society each year [3] and lead to increased mortality [4].

In Iran, it has been reported that 50% of men and 70% 
of women over the age of 50 have low bone mineral den-
sity [5]. According to the previous reports, approximately 
0.85% of the global burden of hip fractures and 12.4% of the 
burden of hip fractures in the Middle East are contributed 
to Iran [6]. With growing life expectancy, the prevalence 
of OP is increasing; especially among women. It has been 
estimated that about 1 out of 3 women aged 50 and over 
will experience osteoporotic fracture during their lifetime 
[2]. Osteoporosis is four times higher in postmenopausal 
women compared with men [7], and this difference is attrib-
uted to hormonal changes in postmenopausal women [8].

The principal goal in osteoporosis management is to 
reduce the risk of fractures. Hence, the ability to assess 
fracture risk in identifying patients who are eligible for 
intervention is essential [9]. Nowadays, dual-energy X-ray 
absorptiometry (DXA) is the preferred method for the evalu-
ation of bone mineral density (BMD) and predicting fracture 
risk [10]. However, it is not recommended for screening OP 
in the whole population over the age of 50 [11]. Moreover, 
densitometry examination is costly as well as limited access 
to DXA in some areas. Consequently, to identify women 
at risk for osteoporosis/fracture and to optimize the use of 
bone densitometers, some pre-screening tools have been 
established [12, 13]. To date, several osteoporosis/fracture 
prediction models have been developed, and most of them 
are based on the non-Asian population; however, only some 
of them have been validated. Some valid developed mod-
els for the screening of osteoporosis are Osteoporosis Risk 
Assessment Instrument (ORAI) with 94.4% sensitivity and 
41.4% specificity[14], and Osteoporosis Self-Assessment 
Tool for Asians (OSTA) with 91% sensitivity and 45% spec-
ificity, at their original populations[15]. The Fracture Risk 
Assessment Tool (FRAX), is a computer tool developed by 
the the University of Sheffield that estimates the probability 
of 10-year hip fracture (HF) and major osteoporotic fracture 
(MOF), based on information about a person’s clinical risk 
factors with or without BMD measurements [16].

Matin et al.[17] from Iran conducted a study to develop 
a tool to identify patients at risk of osteoporosis who can 
benefit from the use of DXA scans. The final model of the 
Osteoporosis Prescreening Model for Iranian Postmeno-
pausal women (OPMIP) was developed based on 7 vari-
ables with 73.2% sensitivity and 61% specificity. However, 

as their study location was in a referral center in Tehran, 
their results might not be illustrative for the whole Iranian 
population.

In this study we aimed to assess and compare different 
osteoporosis/fracture risk assessment tools in an Iranian 
population of postmenopausal women.

Materials and methods

Study participants

This study was performed using the data of the Bushehr 
Elderly Health (BEH) program, a population-based cohort 
study on the elderly population aged 60 years and over [18]. 
The second stage of this study focused on musculoskeletal 
disorders in the elderly population with special attention to 
osteoporosis and sarcopenia. The details of the study were 
reported elsewhere [19]. Inclusion criteria for BEHP study 
were, residence in Bushehr province at least one year before 
entering the study, not having a plan to leave Bushehr within 
two years after entering the study, and full consent to par-
ticipate in the project. Moreover, participants must have suf-
ficient physical and mental abilities to move and refer to 
the interview site. This study was conducted on the women 
population of BEHP study.Those women who were taking 
any medication for osteoporosis treatment, were not consid-
ered for the current study.

Measurements and definitions

A comprehensive questionnaire was used to collect infor-
mation on lifestyle and behaviors, medical history, and 
medication use. Interviews were performed by a trained 
interviewer.

Height was measured using a tape in a standing posi-
tion without shoes with a sensitivity of one centimeter, and 
weight was measured by a standard digital scale the barefoot. 
Waist circumference measurement was done using a flexible 
tape at a point midway between the iliac crest and the last 
rib in a standing position. The presence of diabetes melli-
tus was defined as fasting plasma glucose (FPG) ≥ 126 mg 
/dl or glycosylated hemoglobin (HbA1C) ≥ 6.5%, or treat-
ment with hypoglycemic drugs in patients with a history of 
diabetes. BMI was calculated by dividing weight (kg) by 
height squared (square meters). Fracture history was defined 
as fracture with minor trauma after age of 45. Smoking was 
considered as currently using cigarette or hookah at the 
study time. Corticosteroid use and hormone therapy were 
described based on the self-declaration of the participants. 
Corticosteroid dosage in the models was 5 mg of predniso-
lone or its equivalent use for more than 3 months. Hormone 
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replacement therapy (HRT) is used according to specific 
guidelines in post-menopausal women, and the question-
naire was filled out as Yes/No whether or not an individual 
was receiving any HRT. Physical activity level was evalu-
ated by a validated self-report questionnaire [19].

Osteoporosis diagnosis

BMD status at the lumbar spine (L1-L4), femoral neck, and 
total hip were evaluated by applying dual X-ray absorpti-
ometry (DXA Hologic Discovery WI (S/N 88,102), Bed-
ford, Virginia, USA). Osteoporosis was defined as a T-score 
of − 2.5 or lower in at least one site reported.

Included screening models

Six osteoporosis risk assessment tools including ORAI 
[14], Malaysian Osteoporosis Screening Tool (MOST) [20], 
osteoporosis prescreening risk assessment (OPERA) [21], 
OPMIP [17], Osteoporosis Index of Risk (OSIRIS) [22] and 
OSTA [15] were included in the study. The characteristic of 
the six risk assessment tools is presented in Table 1. In sum-
mary, information about the models consisted of weight, 
height, corticosteroids, hormone replacement therapy, 
history of minor trauma fractures, duration of years post-
menopause, diabetes mellitus, physical activity, and hip cir-
cumference. The original definitions of the variables of each 
model were used to determine the risk of osteoporosis.

The FRAX tool calculates the probability of age-specific 
fractures based on information from a person’s clinical risk 
factors. FRAX outcomes include a 10-year probability of a 
major osteoporotic fracture (pelvic fracture, clinical spine, 
arm, or wrist) and a 10-year probability of a pelvic frac-
ture [23]. Considering the common use of the FRAX tool 
in clinical practice, we also assessed the performance of the 
model in the recommended cut-off points.

Ethical considerations

Research Ethics Committees of both Tehran University of 
Medical Sciences and Bushehr University of Medical Sci-
ences approved the protocol of the BEHP study. Written 
informed consent was signed by all the participants before 
recruiting for the study.

Statistical analyses

Quantitative variables were descripted as mean ± standard 
deviation or median (interquartile range) and qualitative 
variables were expressed as numbers (percentage).

The assessment of risk values and classification of indi-
viduals into high- and low-risk groups was done using the 

variables in each model and with the scoring system pro-
vided in the main articles. Considering the values of bone 
density as a gold standard and classifying the studied 
women into two groups, normal/osteopenic or osteoporotic, 
false- positive and - negative values and true -positive and 
-negative were determined. Consequently, the performance 
measurement criteria of diagnostic tests such as sensitivity, 
specificity, positive predictive value, and negative predic-
tive value for each model were calculated. Sensitivity was 
defined as the proportion of women with osteoporosis (T 
scores ≤–2.5 in either femoral neck, total hip, or lumbar 
spine) who tested positive on the risk assessment tool (i.e., 
having index values in the range considered increased risk); 
specificity was defined as the proportion of women without 
osteoporosis (by BMD according to WHO definition) who 
tested normal on the risk index assessment (i.e., index values 
in the range considered low risk). Youden’s J statistic index 
which is often used in conjunction with receiver operating 
characteristic (ROC) curve analysis [24], was calculated for 
each model and the models were compared. The value of 
the Youden’s J index is between zero and one. A value of 1 
indicates that there are no false positives or false negatives; 
thus the test is complete [25]. The ROC curve was plotted 
for each model. The ROC curve is an optimized model that 
shows the performance of binary classifiers considering the 
specificity, sensitivity, and accuracy of the model. Positive 
predictive value, as the ratio of osteoporosis patients truly 
diagnosed as positive to all those who had positive test 
results, and negative predictive value, as the probability 
that individuals with a negative screening test truly don’t 
have the osteoporosis, were also calculated. Considering 
the importance of false positives and negatives, as well as 
the ease and risk of diagnostic testing, sensitivity of ≥ 70%, 
specificity of ≥ 40%, and AUC of at least 60% was defined 
as acceptable model performance among the study popu-
lation. We also combined the appropriate model using the 
parallel approach to find if such combinations can improve 
the model performance to identify high risk individuals.

All analyzes were performed using STATA statistical 
package (version 14) and a significance level was consid-
ered as a p-value < 0.05.

Results

The baseline characteristics of the study participants are 
presented in Table 2. A total of 1237 female participants 
with a mean age ± standard deviation of 69.1 ± 6.3 years 
(age range, 60–94 years) were included. Overall, 733 
cases (59.2%) were osteoporotic based on BMD measured 
at either site. About 80% of patients had no history of 
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Model performances at their recommended cut-
points among the study population

fractures, and approximately 75% of participants had low 
physical activity.

Table 1 Characteristics of the seven osteoporosis/fracture risk assessment tools
Tools country No. of 

variables
Cut point 
indicating an 
increased risk of 
osteoporosis

Scoring system Sensi-
tivity 
(95%CI) 
%

Speci-
ficity 
(95% 
CI)%

ORAI[14] Canada 3 ≤ 9 -Age:
15 (> 75 years)
9(65–75 years)
5(55–64 years)
-Weight
9 (< 60 kg)
3 (60–69 kg)
-Not currently taking estrogen 2

94.4 
(83.7–
98.6)

41.4 
(36.5–
46.5)

MOST[20] Malaysia 4 ≤ 4 -Age:
20 (> 61 years)
6 (56–60 years)
2 (51–52 years)
-Years post menopause:
22 (> 10years)
6 (6–10 years)
4 (1–5 years)
0 (0 years)
-BMI:
4 (< 19 kg/m2)
2 (19–24 kg/m2)

0 (> 24 kg/m2)
-Hip circumference:
2 (< 90 cm)
0 (> 90 cm)

80.2 55.5

OPERA[21] Italy 5 ≤ 2 One point for each of the following variables:
-Age ≥ 65 years
-weight < 57 kg
-History of fracture due to minimal trauma after 45 years
-Premature menopause (before 45 years)
-Steroid consumption more than 6-months with the dose of 
> 5 mg/day

-Femoral 
neck: 88.1 
(86.2–
91.9)
-Lumbar 
spine :90 (
86.1–93.1)

-Fem-
oral 
neck: 
60.6 
(57.9–
63.3)
-Lum-
bar 
spine 
:64.2 
( 61.4
–66.9)

OPMIP[17] Iran 7 ≤-2.5 -Age (years) x 0.4
-Years post menopause x 0.4
-BMI (kg/m2) x -1
-Diabetes mellitus (-4)
-Corticosteroid consumption (6)
-Regular exercise (-3)
-Appropriate walking (-2)

73.2 
(70.8–
75.5)

61.0 
(58.4–
63.6)

OSIRIS[22] Belgium 4 < 1 -Age (years) x -0.2
-body weight (kg) x 0.2
-HRT (+ 2)
- History of fracture due to minimal trauma (-2)

78.5 51.4

OSTA[15] Singapore 2 ≤-1 0.2 x (body weight [kg] - age [years]) 91.0 45.0
FRAX[23] UK 11 ≥ 3 Age, sex, ethnicity, weight, height, history of prior

fractures, parental history of hip fracture, current
smoking, glucocorticoid use, rheumatoid arthritis
secondary osteoporosis, alcohol use

- -

CI confidence interval, ORAI Osteoporosis Risk Assessment Instrument, MOST Malaysian Osteoporosis Screening Tool, OSIRIS Osteoporo-
sis Index of Risk, OSTA Osteoporosis Self-Assessment Tool for Asians, OPERA osteoporosis prescreening risk assessment, OPMIP Osteopo-
rosis Prescreening Model for Iranian Postmenopausal women, FRAX fracture risk assessment tool
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32 to 80%, whilst the corresponding NPV ranged from 29 to 
68%. All models yielded an AUC of ≥ 0.6. (see Fig. 1). The 
sensitivity, specificity, PPV, NPV, and AUC of the included 
screening tools are presented in Table 3.

Combined model performances at their 
recommended cut points among the study 
population

At the next step, the models with the appropriate perfor-
mance were combined using the parallel approach and high 
risk individuals were considered as participants who are 
positive based on each model. The sensitivity, specificity, 
PPV, and NPV of the combined screening tools are pre-
sented in Table 4.

Four clinical risk factors were overlapped in the OPERA 
and FRAX models (age, weight, history of fractures, and 
steroid use), and the combination of the two models con-
sisted of 12 clinical risk factors. This approach resulted in 
a sensitivity of 85.4%. On the other hand, the number of 
false-negative cases in the OPERA and FRAX were 171 
and 160, respectively, which after combining was reduced 
to 107 patients.

On the other hand, since the OSTA model had the appro-
priate specificity, AUC, and Youden index, it was combined 
with the OPERA and FRAX. After a combination of OSTA 
and FRAX, the sensitivity of OSTA raised from 57.2 to 
83.3%. Moreover, the false-negative number of the OSTA 
model was reduced from 313 to 122.

Two risk factors (age and weight) were common in the 
combination of OSTA and OPERA models, and the combi-
nation of the two models consisted of five clinical risk fac-
tors. The sensitivity of the new model increased to 84.8%, 
and the false- negative number was reduced to 111.

All combined models had optimal performance (sensi-
tivity above 80%), and there was no statistically significant 
difference among them.

Discussion

During the last decades several risk-assessment tools have 
been developed to reduce the cost burden of unnecessary 
bone densitometry. These tools are easy to perform with low 
cost [26], especially in rural regions where access to DXA 
scan is restricted. In this cross-sectional study, we evaluated 
the performance of seven valid osteoporosis/fracture risk 
assessment tools in 1237 postmenopausal women to iden-
tify the appropriate model for osteoporosis/fracture diag-
nosis in our population. About 59% and 37% of our study 
population had osteoporosis and osteopenia, respectively, 
through DXA examination. The sensitivity of the seven 

The sensitivity of the seven models ranged from 16.7% 
(OSIRIS) to 100% (ORAI and MOST) at their recom-
mended cut-off points (Table 3). Considering the Youden 
index, both OPERA and FRAX models had the optimal 
performance among the study population. The FRAX had 
a sensitivity of 78.1%, specificity of 45.6%, and a positive 
predictive value of 67.6%. The OPERA model had a sensi-
tivity of 76.6% and 46% specificity. Excluding ORAI and 
MOST, the PPV of the four remaining models ranged from 

Table 2 Baseline characteristic of study participants
Continuous Variables Mean 

(SD)
Age, years 69.1 (6.3)
BMI, kg/m2 28.6 (5.3)
BMD, gr/cm2

Femoral neck
Total hip
Spine (L1-L4)

0.586 
(0.110)
0.754 
(0.127)
0.810 
(0.142)

Categorical variables
Age category, years
60–64
65–69
70–74
≥ 75

 N (%)
307 (24.8)
516 (41.7)
177 (14.3)
237 (19.6)

DM (yes) 435 (35.2)
Fracture history (yes) 245 (19.9)
Corticosteroid intake ≥ 3 months 621 (52.6)
Level of education
No education
Primary school
Guidance school
Diploma
University level

578 (46.8)
390 (31.5)
131 (10.6)
109 (8.8)
27 (2.1)

Current smoker (yes) 231 (18.7)
Low physical activity (yes) 957 (77.4)
Bone status (femoral neck)
Normal
Osteopenia
Osteoporosis

96 (7.7)
541 (43.7)
600 (48.5)

Bone status (L1-L4)
Normal
Osteopenia
Osteoporosis

203 (16.4)
521 (42.1)
513 (41.4)

Bone status (Total hip)
Normal
Osteopenia
Osteoporosis

351 (28.3)
666 (53.8)
220 (17.7)

Bone status (total)*
Normal
Osteopenia
Osteoporosis

49 (3.9)
455 (36.7)
733 (59.2)

SD standard deviation, N number, BMI body mass index, DM dia-
betes mellitus,
BMD Bone mineral density,
*According to WHO definition of osteoporosis, T-score ≤ -2.5 in 
either site, and osteopenia, T score: -1 to -2.5 in either site
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MOST) at their recommended cut-off points. Considering models ranged from 16.7% (OSIRIS) to 100% (ORAI and 

Table 3 Performance of different osteoporosis/fracture screening models at their recommended cut points among postmenopausal study partici-
pants
Model Cut off Sensitivity 

(95%CI) %
Specificity 
(95%CI) %

AUC (95% CI) % PPV (95%CI) % NPV (95%CI) 
%

Youden 
index

ORAI ≥ 9 100 0 0.673 (0.631–0.715) 59.2 (56.5–61.9) 0
MOST ≥ 4 100 0 0.611 (0.590–0.632) 59.2 (56.5–61.9) 0
OSIRIS > 1 16.7 (14.0-19.4) 49.6 

(45.2–53.9)
0.763 (0.736–0.789) 32.6 (27.8–37.3) 29 (26-32.1) -0.337

OPMIP ≥-2.5 94.5 
(92.8–96.1)

17.0 
(13.7–20.3)

0.710 (0.679–0.741) 62.3 (59.5–65.2) 68.2 (60-76.3) 0.115

OSTA ≤-1 57.2 (53.7-60-8) 78.9 
(75.4–82.5)

0.752 (0.724–0.779) 79.8 (76.4–83.2) 55.9 
(52.3–59.6)

0.361

OPERA ≥ 2 76.6 
(73.6–79.7)

46.0 
(41.6–50.3)

0.643 (0.613–0.673) 67.3 (64.2–70.5) 57.5 
(52.7–62.3)

0.226

FRAX ≥ 3 78.1 (75.1–81.0) 45.6 (41.2–49.9) 0.659 (0.628–0.690) 67.6 (64.5–70.8) 58.9 (54-63.8) 0.237
CI confidence interval, AUC Area under the curve, ORAI Osteoporosis Risk Assessment Instrument,
MOST Malaysian Osteoporosis Screening Tool, OSIRIS Osteoporosis Index of Risk,
OSTA Osteoporosis Self-Assessment Tool for Asians, OPERA osteoporosis prescreening risk assessment,
OPMIP Osteoporosis Prescreening Model for Iranian Postmenopausal women, FRAX Fracture risk assessment tool

Fig. 1 The ROC curve for the performance of different osteoporosis/fracture screening models in Iranian postmenopausal women
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OPERA was another model with optimal performance in 
our study population. Consistent with our results, Sadiq et 
al. [32] from Pakistan evaluated the OPERA performance 
on 200 women above 40 years and found that OPERA 
showed a sensitivity of 68% among their study population. 
On the other hand, Mohammad Abou-Hashem et al. [33] 
found poor performance with a sensitivity of 5.5% regard-
ing OPERA. This inconsistency can be justified by the dif-
ference in mean ages, wights, and sample sizes between the 
above studies. OPERA was originally developed in 2005 
by Salaffi et al. [21] in a group of Italian post-menopausal 
women and attained 88.1% sensitivity at the femoral neck to 
90% at the lumbar spine area. It is based on five variables, 
including age, weight, premature menopause, previous his-
tory of fracture with minor trauma, and steroid consumption 
to predict low BMD.

As mentioned earlier, an effective screening tool that cat-
egorized patients at high risk for osteoporosis can reduce the 
burden of DXA examination. These algorithms were devel-
oped using data from Western populations, so they may not 
be suitable for use among Asian populations due to differ-
ences in genetics, lifestyle, and environmental factors.

In the present study, the highest specificity (79%) was 
related to the OSTA model with a Youden index of 0.361, 
which indicates that this model had low false positives and 
had a higher power in finding normal people. This simplest 
model, which is based on two variables of age and weight, 
was developed for the Asian population, which in the main 
study had a sensitivity of 91% and a specificity of 45% [15].

Since the FRAX tool has been calibrated and is com-
monly applied in Iran, we tried to combine it with two 
models, OPERA and OSTA to investigate the possibility of 
upgrading it,. The FRAX model consists of 11 clinical risk 
factors, OPERA consists of 5 clinical risk factors and OSTA 
consists of only 2 clinical risk factors of age and weight. 
After combining the FRAX-OPERA model, the number 
of risk factors increased to 12 and the sensitivity of FRAX 
increased from 78 to 85%. Besides, the false- negative num-
ber of the FRAX model was 160, which was reduced to 107 
after the combination with OPERA, indicating that misdiag-
nosis of the disease would occur in a smaller number of real 
patients. Moreover, after the FRAX-OSTA combination, the 
number of the required risk factors was 11 and the sensi-
tivity increased to 83%. False negatives were also reduced 

the Youden index, the FRAX and OPERA yielded the opti-
mal performance with the sensitivity of 78.1% and 76.5%, 
respectively. Moreover, after combining the models (FRAX, 
OPERA, and OSTA), the sensitivity of the models increased 
to more than 83%. Applying these tools to different popula-
tions has yielded various performance outcomes. The results 
of some studies showed high sensitivity and optimal per-
formance[27], while others represented lower indices[28]. 
These discrepancies can be explained by the fact that these 
tools are created in different demographic samples.Unlike 
other screening models, the FRAX tool is a country-specific 
model with its intervention threshold. The World Health 
Organization (WHO) recommends the use of country-spe-
cific intervention thresholds based on the incidence of pel-
vic fractures and their demographics. One of the benefits of 
the FRAX tool, as stated in the U.S. preventive services task 
force (USPSTF) recommendation, is that it “relies on acces-
sible clinical data”. Its development is supported by a broad 
international corporation and is widely endorsed in the two 
major United States groups and is freely available to physi-
cians and the general public[29].

In line with our findings, Chen et al. [30] from Tai-
wan examined the performance of nine osteoporosis/frac-
ture screening tools (including FRAX) in 553 individuals 
over the age of 60 years (357 women). The mean age of 
the participating women was 67.1 years and 23.7% of 
the subjects had a T-score of less than − 2.5 in the femo-
ral neck. The researchers found that with a cut-off point of 
≥ 3%, the FRAX model had acceptable diagnostic accuracy 
(AUC = 0.75), the sensitivity of 80%, and a specificity of 
54%.

On the other hand, in a 3-year population-based study 
conducted by Rubin et al. [31] from Denmark, the perfor-
mance of FRAX tools (without BMD) compared to simpler 
screening tools such as OST, ORAI, OSIRIS, and SCORE 
was evaluated among 3614 women aged 40–90 years. There 
was no difference in AUC values   between FRAX and sim-
pler instruments; the AUC values   of the FRAX tool were 
0.701 (all fractures) and 0.722 (major osteoporotic frac-
tures). The researchers concluded that simpler models based 
on lower risk factors, which are easier to use in the clinic by 
the general physicians or the patient themselves, could well 
be used as well as FRAX to identify women at increased 
risk for fractures.

Table 4 Performance of combined osteoporosis/fracture screening models among study participants
Model Sensitivity (95%CI) % Specificity (95%CI) % PPV (95%CI) % NPV (95%CI) % Youden index (%)

1 FRAX- OPERA 85.4 (82.8–87.9) 35.9 (31.7–40.1) 65.9 (62.9–68.9) 62.8 (57.2–68.4) 0.213
2 FRAX- OSTA 83.3 (80.6–86) 42.8 (38.5–47.1) 67.9 (64.9–71) 63.9 (58.7–69) 0.261
3 OSTA-OPERA 84.8 (82.2–87.4) 39.8 (35.6–44.1) 67.2 (64.2–70.2) 64.4 (59.1–69.7) 0.246
CI confidence interval, OSTA Osteoporosis Self-Assessment Tool for Asians, OPERA osteoporosis prescreening risk assessment,
FRAX Fracture Risk Assessment Tool
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Sciences and Bushehr University of Medical Sciences approved the 
protocol of the BEHP study.

Consent to participate Written informed consent was signed by all 
participants prior taking part in the study.

Consent to publish Not applicable.
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